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Humoral ‘‘Conditioning” for the Production of a Suppurative, Acute 
Myocarditis by the Oral Administration of Sodium Phosphate* 


Hans Selye, M.D., Montreal, Canada 


Earlier observations have shown that heavy overdosage with a vitamin-D 
preparation (irradiated ergosterol) produces calcification of cardiac muscle tissue 
in the rat. This process may terminate in necrosis of the affected fibers, without 
eliciting any obvious evidence of inflammation in the affected regions. More 
recently it has been noted that, although short-term treatment with certain 
highly active corticoids—such as 2(a)-methyl-9(a)-chlorocortisol (Me-Cl-COL)— 
produces no detectable cardiac lesion, these steroids can so sensitize, or “‘con- 
dition,”’ the heart that widespread myocardial necroses ensue upon the subse- 
quent oral administration of monobasic sodium phosphate (NaH2PO,). The 
appearance of these necroses is greatly accelerated by exposure to stress.* Since 
it is well known that close relationships exist between vitamin-D preparations 
and phosphate metabolism, it was decided to explore the possible interactions 
between steroids of the vitamin-D series, Me-Cl-COL and NaH2POsg, as regards 
their ability to produce morbid changes in the heart. 

As will be seen from the experiments to be reported here, orally administered 
sodium phosphate not only increases the cardiotoxic actions of vitamin-D prepa- 
rations, but qualitatively changes them, so that an acute purulent myocarditis 
results. This effect is enormously enhanced by concurrent treatment with Me- 
CI-COL. As an incidental observation, it is noted that the severe nephrocalcinosis 
normally produced by combined treatment with dihydrotachysterol (DHT) and 
phosphate is also further aggravated by concurrent treatment with Me-CI-COL. 


METHODS 


One hundred thirty female Sprague-Dawley rats, with a mean initial body weight of 99 grams 
(range: 90 to 110 grams), were subdivided into 13 equal groups, as indicated in Table I. 2(a)- 
methyl-9(a)-chlorocortisol (Me-CIl-COL) was administered in the form of a suspension of its 
acetate at the dose level of 50ug in 0.2 ml. of water, subcutaneously, daily. 


From the Institut de Médecine et de Chirurgie expérimentales, Université de Montréal, Montreal, 
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Monobasic sodium phosphate (NaH2PO,:-H2O) was given in the form of a 15 per cent 
aqueous solution at the dose level of 2 ml., twice daily, by stomach tube. 

Dihydrotachysterol (DHT) was administered at the various dose levels indicated in the Table, 
but always as a crystal suspension in 0.5 ml. of water, once daily, by stomach tube. 

Two drops of Tween 80 were added to each 25-ml. bottle of all the microcrystal suspensions, 
in order to delay sedimentation. 

After five days of treatment, all surviving animals were killed with chloroform and their 
hearts and kidneys fixed in neutral Formalin for subsequent embedding in paraffin and histochemi- 
cal demonstration of calcium with von Kossa’s silver nitrate technique. Additional sections of 
all specimens were stained with hematoxylin-phloxine for the study of their general histologic 
structure. 

At autopsy, hearts and kidneys were carefully examined with the aid of a stereoscopic dis- 
secting microscope. Under these conditions, calcified, necrotic or suppurating lesions are readily 
visible as yellowish or grayish patches between the darker, healthy muscle tissue. The severity 
of these changes was expressed in an arbitrary scale of 0 to 3, based on the mean of the reading 
obtained by inspection with the dissecting microscope and by study of histologic sections. It 
was found, however, that the lesions can be graded, at least as accurately if not more so, by mere 
inspection of the whole heart or kidney under the stereoscopic dissecting microscope, as by the 
study of a few histologic sections through each specimen. 

The incidence (per cent positive animals within the group) and the severity of all the lesions 
(the latter with the standard error of the mean grade), as well as the mortality rates, are listed in 
Table I. 


Two complimentary smaller experiments were subsequently performed as outlined below. 


RESULTS 


Perusal of our data (Table I) clearly indicates that neither cardiac nor 
renal lesions occurred in any of the rats treated only with DHT (Group I), 
Me-ClI-COL (Group II) or NaH2PO, (Group III), or with DHT in combination 
with Me-Cl-COL (Group IV). On the other hand, NaH2PQOs, so sensitized the 
animals that concurrent treatment with Me-CI-COL produced a high incidence 
of moderately severe cardiac lesions, and a constant, marked nephrocalcinosis 
(Group V). 

Combined treatment with NaH.PO, and ascending doses of DHT led to 
nephrocalcinosis, the severity of which increased as the dose of the DHT was 
raised from 2.5 wg to 20ug (Groups VI—IX), but cardiac lesions occurred only 
with the highest of these dose levels and even then they were inconstant and of 
moderate intensity. 

When the standard dose of Me-Cl-COL was administered in addition to 
NaH2PO, and the same ascending doses of DHT (Groups X—XIII), the cardiac 
involvement rose to an incidence of 100 per cent and a severity of 2.7, which 
comes close to the theoretical maximum possible with our procedure of grading 
(that is, incidence: 100 per cent; severity: 3.0). The nephrocalcinosis was virtu- 
ally maximal here, even with the lowest DHT dose. 

Mortality was slight throughout the experiment, except in the group receiv- 
ing the highest dose of DHT in combination with NaH»PO, plus Me-Cl-COL 
(Group XIII). 

Histologic study revealed that, in rats treated with Me-CI-COL plus 
NaH.PO, (Group V), the cardiac lesions consisted mainly of necrotic muscle 
fibers invaded by histiocytes-and very few polynuclear leukocytes. In more 
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Fig. 1.—A, Macroscopic aspect of the suppurating myocarditis in a rat of Group XIII of the first 
experimental series. B, Histologic appearance of one of the light foci seen in A. The central necrotic 
area is invaded by polymorphonuclear leukocytes (X 100). C, Another focus from the heart shown in A. 
At this high magnification, disintegrating polymorphonuclears are clearly visible between the amorphous 
muscle-cell debris. Only a few myocytes (to the right of center) have still retained an approximately 
normal appearance (X 400). D, Small abscess in myocardium of a rat from Group IX. The lesion is 
essentially the same as that shown in B, but—as explained in the text—in this group that received only 
DHT and phosphate the lesions were much less numerous than in the corresponding Group XIII which, 
in addition, received Me-Cl-COL (xX 100). Fig. 1 reduced ¥%. 
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Fig. 2.—A, Intensely calcified muscle fibers in the myocardium of a rat from the second experimental 
series, which received high doses of DHT over a 14-day period (v. Kossa's stain, X 400). B, Advanced 
calcification of the blood vessel walls in another region of the heart shownin A (vy. Kossa’s stain, X 400). 
Note the complete absence of suppuration around the calcified foci in this heart. C, Calcification of 
blood vessels in the myocardium of a rat in which a fulminating hypervitaminosis-D was produced by 
the intravenous injection of vitamin D2. Note the characteristic predilection for calcification of the 
muscle fibers in the immediate vicinity of the blood vessels and the complete absence of suppuration 
(v. Kossa’s stain, X 100). D, High magnification of the central portion of C (v. Kossa’s stain, X 400). 
Fig. 2 reduced \%. 
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advanced lesions, connective tissue took the place of the disappearing muscle 
tissue; there was never any acute suppuration. On the other hand, in all the 
rats treated with DHT and phosphate (irrespective of whether or not they 
received additional treatment with Me-Cl-COL) the lesions were those of a typical 
suppurative myocarditis with a great predominance of largely decomposing poly- 
morphonuclear leukocytes (Groups VI—XIII). Although, with the higher con- 
centrations of DHT plus phosphate, calcium deposits have also been seen occa- 
sionally, many of the suppurating foci in the myocardium were free of silver- 
nitrate-tingible substances, and calcification of the coronary blood vessels was 
almost negligible (Fig. 1). This is in sharp contrast with our earlier observations 
on vitamin-D overdosage without the administration of phosphate supplements,! 
observations which have since been confirmed by numerous investigators. 

The question arose whether the predominance of suppurating inflammatory 
lesions and the paucity of calcium deposition, in rats treated with DHT in com- 
bination with NaH2PQO,, might be due merely to the fact that the phosphate 
greatly accentuates the effect of DHT. We had to consider the possibility that 
extraordinarily intense DHT overdosage might also produce necrosis and sup- 
puration of the affected areas in the heart. 

In order to obtain a particularly acute overdosage with DHT alone, a second 
experiment was performed, in which ten female Sprague-Dawley rats, with a 
mean initial body weight of 102 grams (range: 87 to 108 grams), were given 300 
ug of DHT in 0.5 ml. of water, daily, by stomach tube. This produced a particu- 
larly violent intoxication, with intense loss of weight. By the end of two weeks, 
one of the animals died, while the others had to be killed because of their moribund 
condition. Although soft tissue calcification was far advanced throughout the 
cardiovascular system, histologic examination of the heart showed only calcium 
deposition in muscle fibers and blood vessel walls, without any evidence of an 
acute inflammatory reaction around the calcified tissues (Fig. 2, A and B). This 
finding suggested that the suppurative lesions in the principal experimental series 
were due to a modifying effect of the orally administered phosphate. Apparently, 
the latter so conditioned the tissues that they responded to DHT with acute, 
purulent, inflammatory reactions, with the result that the NaH,PO, not only 
increased the sensitivity but altered the quality of the response to DHT. 

Still, the possibility remained that the apparent difference in the quality of 
the tissue reaction was due merely to the fact that DHT, given in conjunction 
with phosphate, produces intense changes within four to five days, while without 
excess NaH»PO, fourteen days were needed to produce damage of comparable 
intensity. Therefore, a third experimental series was performed with two syn- 
thetic, highly potent vitamin-D derivatives that can be administered, intraven- 
ously or intraperitoneally, in the form of hydrosols, so that they produce a par- 
ticularly acute hypervitaminosis-D. 

Forty female Sprague-Dawley rats, with a mean initial body weight of 101 
grams (range: 95 to 105 grams), were subdivided into four equal groups and 
given vitamin-D»-hydrosol, at the dose of 5 mg. in 0.5 ml. of water, intravenously 
(Group I), or 10 mg. in 1 ml. of water, intraperitoneally (Group II), and vitamin- 
D;-hydrosol, at the dose of 5 mg. in 0.5 ml. of water, intravenously (Group ITI), 
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or 18 mg. in 1.8 ml. of water, intraperitoneally (Group IV). The animals were 
killed after five days, in order to make this additional experiment comparable 
to the main series, except that, here, enormous doses of water-soluble vitamin-D 
preparations were administered without additional phosphate treatment. 

Histologic study of sections stained with von Kossa’s technique revealed the 
expected massive calcification of cardiac blood vessels and muscle fibers, but sup- 
puration around the affected areas was entirely missing (Fig. 2, C and D). It 
is evident, therefore, that even the most intense and acute overdosage with vita- 
min-D preparations does not lead to suppurative myocarditis if the animals 
are not simultaneously treated with the phosphate solution. 


SUMMARY 


Experiments on rats indicate that orally administered NaH»2PO, qualita- 
tively alters the cardiotoxic actions of vitamin-D preparations, so that an acute 
purulent myocarditis results. This effect is enormously enhanced by concurrent 
treatment with 2(a)-methyl-9(a@)-chlorocortisol (Me-Cl-COL). 

It is incidentally noted that the severe nephrocalcinosis normally produced 
by combined treatment with dihydrotachysterol (DHT) and NaH2PO, is also 
further aggravated by concurrent treatment with Me-Cl-COL. 


The author is indebted to The Upjohn Company for generous supplies of 2(a)-methyl-9 
(a)-chlorocortisol, and to Dr. A. Wander, A. G. (Bern) for the dihydrotachysterol (‘‘Calcamin”’ ) 
and vitamins D2 and D; (“‘Vit-Dé-Hydrosol”’) employed in these experiments. 
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Acetyl Strophanthidin Used as a Measure 
to Evaluate the Status of Digitalization 


Dietegen von Capeller, M.D.,* and Thomas N. Stern, M.D.,** Memphis, Tenn. 


In patients with far advanced congestive heart failure it is often impossible 
to evaluate the status of digitalization. This is due to the fact, stressed by 
Lown and Levine,' that signs and symptoms of digitalis intoxication such as 
anorexia, nausea, vomiting, and frequent premature ventricular contractions can 
also be the expression of severe myocardial decompensation in the absence of 
digitalis. Only by trial and error can the situation be clarified. This is usually 
done by a slight increase of the daily maintenance dose of digitalis with close 
observation of the response. In a severely ill patient, however, it can be of ex- 
treme importance to know the answer immediately. For this purpose, the use 
of a cardiac glycoside rapid in both action and excretion would appear to be ideal. 
Such a glycoside is acetyl strophanthidin, a synthetic ester of strophanthidin, 
first described by Chen and Elderfield.2 The action of acetyl strophanthidin 
begins within 14 to 5 minutes after the intravenous injection; full effectiveness is 
reached within 15 minutes, and the effect wears off in less than 4 hours.*> Acetyl 
strophanthidin was used first as a digitalis tolerance test by Lown and Levine,® 
and since by Soloff and co-workers’ and Gilbert and Lyons.’ The purpose of this 
study is to evaluate further this procedure. 


METHOD 


Prior to the test, a 12-lead electrocardiogram was taken. The ECG machine was left con- 
nected during the whole procedure. When digitalis intoxication was suspected, 40 milliequiva- 
lents of potassium chloride were given as an intravenous drip over 1 hour. When there was still 
some doubt in respect to the status of digitalization after KCI had been administered, and this 
was the rule, the acetyl strophanthidin test was performed. One ml. of the alcoholic solution of 
acetyl strophanthidinf (A. S.) containing 0.5 mg. A. S. (the equivalent of 3 cat units) was diluted 
with 9 ml. of 5 per cent glucose in H2O. Of this diluted solution 2 ml. (= 0.1 mg. A. S.) was in- 
jected intravenously over a period of 30 seconds at 5-minute intervals. Rhythm strips were 
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taken every minute or as soon as arrhythmias appeared. With the first sign of toxicity such as 
nausea, vomiting, appearance of ventricular premature contractions, short runs of ventricular 
tachycardia, or development of a first degree atrioventricular block, the test was discontinued. 
Periodic electrocardiograms were taken for the next 40 minutes in order to observe the disap- 
pearance of toxic effects. The interpretation was similar to that of Lown and Levine.' If toxic 
signs developed with 0.3 mg. A.S. or less, the patient was thought to be in digitalis intoxication. 
Doses of 0.4 and 0.5 mg. were interpreted as indicating adequate digitalization. Partial re- 
digitalization was performed if toxicity appeared after 0.6 to1.1 mg. More than 1.1 mg. indicated 
full redigitalization. 


CASE REPORTS 


A total of 21 tests on 20 patients was performed. All patients had received 
cardiac glycosi« es in the recent past, as far as this could be confirmed by history. 
With few exceptions, the patients were critically ill at the time the test was per- 
formed and it was often impossible to obtain an adequate history. 

In 20 instances the test was used to determine the status of digitalization. 
The test indicated in 2 patients that digitalis intoxication was present; 3 patients 
were thought to be adequately digitalized. In 7 instances partial, and in 8 
instances complete redigitalization had to be performed before any toxic signs 
developed. A.S. was used to evaluate the effect of cardiac glycosides on a per- 
sistent nodal tachycardia in 1 patient. 

The clinical data and results are summarized in Table 1. The following case 
reports illustrate more fully the problems involved. 


Fig. 1.—Case 2. Lead II—Premature ventricular contractions occurring every sixth beat, 
4 minutes after a total of 0.3 mg. acetyl strophanthidin has been injected. 


CasE 2.—J. L., a 53-year-old Negro man, was known to have hypertension and syphilitic 
heart disease with aortic insufficiency for 3 years. His chest x-ray showed pulmonary emphy- 
sema with large bullae in both apices and pulmonary congestive changes. The heart was markedly 
enlarged with the appearance of left ventricular preponderance. The patient was admitted to 
the hospital in severe left and right ventricular failure. The electrocardiogram was interpreted 
as sinus tachycardia, right axis deviation, and left ventricular hypertrophy. Prior to admission 
the patient had been maintained for months on digitalis leaf, grains 1.28 daily.* For the first 2 
hospital days the dose was doubled, which resulted in nausea and vomiting. KCI was given intra- 
venously without any detectable effect. Since the patient's condition was critical and the status 
of digitalization was doubtful, an A.S. test was performed. Four minutes after a total of 0.3 
mg. A.S. had been injected ventricular premature beats occurred every sixth beat (Fig. 1). One 
minute later the prematures became multifocal. Thirty minutes after the injection the rhythm 
returned to a normal sinus rhythm. The test was interpreted as indicating that the patient was 
overdigitalized. Digitalis was withheld for 3 days and then started again on the prior mainte- 
nance dose. The patient improved somewhat on bed rest and diuretics and was discharged al- 
though still considered to be in functional Class 4. 


*Digitalis leaf used in this study was Digitora Upjohn. The tablets contain gr. 1.28 leaf, which 
equals 0.83 U.S.P. (XV) Digitalis Units = 83 mg. U.S.P. (XV) reference standard = 1 U.S.P. (X) cat 
unit. 
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CasE 7.—W. D., a 47-year-old Negro man, was admitted on March 17, 1957, with the chief 
complaints of severe shortness of breath, paroxysmal nocturnal dyspnea and orthopnea, gradually 
increasing over the last 3 years. He had been digitalized by his private physician 3 years prior 
to admission and maintained since on grains 1.28 leaf of digitalisdaily. Physical examination 
revealed a blood pressure of 170/110 mm. Hg, a pulse rate of 130, and a respiratory rate of 28 per 
minute. Moist rales were heard in both lung bases. The heart beat was regular. The point 
of maximal impulse was felt in the sixth intercostal space 1 cm. outside the anterior axillary line. 
On auscultation a loud diastolic murmur was heard over the aortic area and in the third inter- 
costal space left of the sternum. The liver was 2 fingers enlarged to palpation, and 2+ pedal edema 
was present. The venous pressure was recorded as 240 mm. saline. The VDRL test was positive 
in 4 dilutions. The ECG was interpreted as sinus tachycardia and left ventricular hypertrophy. 
On admission the patient received 1.2 mg. digitoxin intramuscularly and was maintained on digi- 
talis leaf grains 2.56 daily for the next 2 weeks. The patient’s condition hardly changed and his 
heart rate continued to be elevated. On April 2, 1957, an A.S. test was performed. After a total 
dose of 0.7 mg. the patient felt nauseated and developed rare ventricular premature contractions. 
The interpretation was that the patient was approximately half digitalized. Following the test 
he was put on oral digitoxin 0.4 mg. daily. After 4 days the heart rate decreased to 76 and orthop- 
nea and peripheral edema disappeared. The patient was discharged on 0.2 mg. digitoxin daily, 
and 6 weeks later he was still doing well. 

The clinical impression prior to the test was digitalis intoxication. This impression was 
based on the fact that the patient had received large doses of digitalis prior to the test without 
apparent improvement. The response to digitoxin afterwards confirmed the interpretation of 
the A.S. tolerance test. The unusually high digitalizing dose in this patient can be explained 
perhaps on the basis of a poor and unpredictable absorption of orally administered digitalis leaf 
in the presence of severe congestive failure.® 

CasE 13.—J. D., a 77-year-old Negro man, was known to have had arteriosclerotic heart 
disease since 1952. He had been followed in the outpatient department at regular intervals 
and maintained on leaf grains 1.28 daily. His last visit to the clinic was in the fall of 1956. In 
February, 1957, he was hospitalized in another hospital for his cardiac condition. Since the 
patient was mentally confused on admission to the City of Memphis Hospital (April 10, 1957), 
it was impossible to find out how much digitalis he had taken recently. His chief complaints 
were progressive orthopnea and paroxysmal nocturnal dyspnea. He had been nauseated on 
and off prior to admission and hardly had eaten anything. Physical examination revealed a 
blood pressure of 190/120 mm. Hg, pulse of 140, and respiration of 32 per minute. His neck 
veins were distended. Moist rales were heard over both lung fields. Auscultation showed an 
absolute irregularity. The point of maximal impulse was felt in the sixth intercostal space at 
the anterior axillary line. No murmurs were heard. The liver was felt 4 fingers below the right 
costal margin in the mid-clavicular line. Edema extended up to the lower end of the thorax. 
The ECG on admission showed auricular fibrillation, left ventricular hypertrophy, and many 
aberrant QRS complexes (Fig. 2). Since there was a question at the time whether these were 
multifocal ventricular contractions or supraventricular beats with aberrant intraventricular 
conduction, digitalis was withheld for 48 hours. After this interval the patient’s condition had 
deteriorated and an A.S. test was thought to be indicated. Five minutes after a total dose of 
1.2 mg. A.S., the patient felt nauseated and vomited once. Under the influence of A.S. the heart 
rate decreased from 140 to 76. Nausea persisted for 15 minutes. The test was interpreted as 
indicating that the patient had to be completely redigitalized. Immediately afterwards the 
patient received 1.0 mg. lanatoside C intravenously, and over the next 48 hours he was given 
1.2 mg. digitoxin by mouth. The patient’s condition gradually improved over the next days, 
and 3 days after the test no aberrant intraventricular conduction was present. 

In this case the ECG and the history of nausea and vomiting gave the erroneous clinical 
impression of digitalis intoxication. The clinical course confirmed the validity of the test result. 

CasE 16.—H. S., a 53-year-old white man, was known to have had rheumatic heart disease 
since 1942. He had experienced progressive shortness of breath over the years. In August, 
1952, a mitral commissurotomy was performed, following which he improved markedly. Early 
in 1955, the patient again started to experience shortness of breath and had to be digitalized in 
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May of the same year. Auricular fibrillation occurred for the first time in January, 1956. He 
was hospitalized from Oct. 23, 1956 to Oct. 27, 1956, for exertional dyspnea and chest pain of 
pleuritic type. Bed rest and diuretics improved his condition. The status of digitalization 
was thought to be adequate at that time and he was maintained on digitalis leaf grain 1.28 daily. 


B. 
G. 


Fig. 2.—Case 13. Lead aVr—A, just prior to acetyl strophanthidin test; B, 5 minutes after a 
total of 1.2 mg. A.S. has been injected; and C, 3 days after test. In the meantime, the patient received 
1.0 mg. lanatoside C and 1.2 mg. digitoxin. 


The patient was readmitted on the evening of Oct. 30, 1956, in acute pulmonary edema. From 
the family the information was obtained that he had complained of increasing shortness of breath 
on exertion for the last 2 days and that he had suffered from orthopnea and paroxysmal nocturnal 
dyspnea the night prior to the admission. However, he was still able to work even on the day of 
admission. The physical examination showed a blood pressure of 90/60 mm. Hg, a very irregular 
pulse, and a respiratory rate of 36. Neck vein distention was present. The lungs were full of 
moist rales bilaterally. The heart showed an absolute irregularity with a rate of 145 per minute. 
The point of maximal impulse was felt in the fifth intercostal space in the left mid-clavicular line. 
The second pulmonic sound was markedly accentuated. A systolic, and a questionable diastolic, 
murmur were heard at the apex. Since the patient’s condition did not improve following mor- 
phine, aminophylline, and nasal oxygen, and since his status of digitalization was not clear, an 
A.S. test was performed. Initially the patient received 40 mEq. KCl as an intravenous drip. 
Under the influence of potassium the ventricular premature contractions disappeared but the 
general condition deteriorated further. Four and one-half minutes after a total amount of 1.25 
mg. A.S. had been injected, the patient felt nauseated and vomited. The heart rate fell from 
145 to 110. The test was interpreted as indicating that the patient had to be fully redigitalized. 
Lanatoside C 0.8 mg. was given intravenously immediately afterwards, and grains 9 digitalis leaf 
over the next 24 hours. The patient improved markedly on this regimen. Questioning after 
recovery revealed that he had omitted to take digitalis for 4 days. X-ray studies and cardiac 
catheterization which were done later demonstrated that mitral stenosis was the predominant 
lesion; a second commissurotomy confirmed this impression. The patient is relatively asympto- 
matic at present. 
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In this case the immediate redigitalization was partially responsible for the prompt recovery 
and made it possible for the patient to undergo definitive therapy. 

Case 20.—F. C., a 45-year-old Negro man, was seen for the first time 6 months prior to the 
A.S. test, with the chief complaints of fluttering of the heart and exertional dyspnea of 2 days’ 
duration. Physical examination was nonrevealing except for tachycardia. An ECG taken at 
that time was interpreted as nodal tachycardia with a rate of 130 and left ventricular strain pat- 
tern. Numerous measures including quinidine, procaine amide, Mecholyl, KCl, and lanatoside 
C did not abolish the tachycardia. Since he had symptoms of congestive heart failure, he was 
digitalized and maintained on grains 1.28 digitalis leaf daily. The tachycardia persisted un- 
changed for 6 months, at the end of which time A.S. was tried as a measure to convert the ectopic 
rhythm. After a total dose of 0.9 mg. A.S., the patient developed frequent nodal arrests followed, 
in each instance, by a nodal escape of lower origin. This was interpreted as indicating that 
digitalis-like compounds would be of no help in converting the arrhythmia. 


RESULTS 


A review of all tests showed that the effect of A.S. on the heart rate depended 
on the basic rhythm prior to the administration. All patients with atrial fibril- 
lation had a decrease of the rate of more than 10 per cent. With increasing doses 
of A.S., the ventricular rate slowed gradually. In the 8 patients who exhibited a 
sinus mechanism, the effect of A.S. was unpredictable: 2 patients had a decrease, 
5 had no change, and 1 had an increase of more than 10 per cent. 

A.S. had a definite effect on the conduction time. In 6 instances the P-R 
interval increased more than 0.04 second, producing in 4 patients a first degree 
atrioventricular block (Fig. 3). In all instances the P-R interval returned to 
pre-test level within 30 minutes. 
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Fig. 3.—Case 4. Lead aVr—First degree A-V block as the result of acetyl strophanthidin. 
A, Before A.S.; B, 1 minute after 0.5 mg. A.S. ¥ 


The effect of A.S. on the RS-T segment and T wave was negligible. In 
18 instances there was no detectable effect at all, and in 3 there were minor T-wave 
changes and upward bowing of the RS-T segment in Lead aVpz. In approximately 
half of the electrocardiograms there was a shortening of the Q-T interval of more 
than 0.04 second; the other half showed no change or very little change as the 
result of A.S. administration. 
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The appearance of multifocal ventricular premature contractions and short 
runs of ventricular tachycardia (3 or more beats of ventricular origin following 
each other) were the most frequently encountered toxic effects. Other side effects 
were nausea, vomiting, short periods of sinus arrest, and first degree atrioventricu- 
lar block. Patients who had premature ventricular beats prior to the A.S. admin- 
istration showed, as a rule, a decrease in or even disappearence of the ectopic 
contractions under the influence of A.S. when they were underdigitalized. As 
soon as toxic doses were reached, the number of premature beats increased again, 
and in some cases short periods of ventricular tachycardia appeared. All these 
toxic effects disappeared within 10 to 32 minutes after the last injection of A.S. 


DISCUSSION 

In our experience, the results obtained with the acetyl strophanthidin test 
are very accurate. Follow-up in all patients demonstrated that the predicted 
amount of a long-acting cardiac glycoside could be administered without any 
side effects and with great benefit to the patient’s cardiovascular condition. 
This confirms the results obtained by Lown and Levine,' and Gilbert and Lyons.$ 
On the other hand, the intravenous infusion of KCI was of no help in the diag- 
nosis of digitalis intoxication since premature ventricular contractions were 
abolished or significantly decreased in number in instances where definite under- 
digitalization was present, as well as in patients definitely overdigitalized. This 
confirms the observations recently published by Bettinger and co-workers,'® who 
also found that potassium has an antiarrhythmic action in the presence or absence 
of cardiac glycosides. 

Previous workers have stressed the hazards of the use of A.S. Deaths due 
to ventricular fibrillation induced by A.S. have been reported in 4 patients.7:*-">” 
In our series of 20 patients, we have not had any deaths which could be related 
to the injection of A.S. This may be due to the method of administering small 
amounts (0.1 mg. at a time) in short intervals (5 minutes). 

We believe that acetyl strophanthidin has a definite place in the evaluation 
of the status of digitalization in severely ill patients in whom withholding digitalis 
for a few days or pushing digitalis to toxicity with longer-acting cardiac glycosides 
would be detrimental. 


SUMMARY 


The experience with acetyl strophanthidin in 20 patients in whom the status 
of digitalization was in doubt is reported. The use of this cardiac glycoside of 
ultrashort action proved to be very accurate as a digitalis-tolerance test. No 
serious toxic effects were encountered. 
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Pulmonic Stenosis Produced by Compression 
of Heart by Anterior Mediastinal Tumor 


Benjamin Winter, M.D., F.R.C.S. (Edin.), F.R.C.S. (C), F.A.C.S., F.C.C.P. 
Los Angeles, Calif. 


There are many reports of anterior mediastinal tumors in the literature. 
This is not an unusual tumor in the field of thoracic surgery. It is, however, 
unusual for such a tumor to cause compression of the heart. In most cases the 
anterior mediastinum allows room for expansion of the mass into either or both 
sides of the chest so that compression of the heart is not often found. Localized 
compression of the pulmonary artery simulating pulmonic stenosis is particularly 
uncommon and few cases have been reported. The following case represents this 
interesting condition. 


CASE REPORT 


Mr. I. G., a 21-year-old white man, was a normal baby at birth weighing 12 pounds and 14 
ounces. At 6 weeks of age, eczema developed, became chronic and persisted until the present. 
Shortness of breath and ‘‘asthmatic attacks” had been present since birth. His mother was not 
sure whether cyanosis had ever been noticed. During school days he was excused from all activi- 
ties because of “‘asthma.”” Ever since he could remember, he had been constantly tired and had 
noticed marked shortness of breath on exercise. At present he could walk only a few blocks on 
the level without being short of breath. He could go up only a few stairs. 


TABLE I. CARDIAC CATHETERIZATION FINDINGS 


PRESSURE | OXYGEN SATURATION 


SITE | (MM. HG) | (VOL. PER CENT) (PER CENT) 

| 
S.V.C. 4/1 9.0 61.5 
R.A. 6/0 9.3 63.0 
R.V. 40/5 9.3 63.0 
M.P.A. 20/10 9.1 62.0 
P.P.A. 7/3 13.2 90.0 
Arterial Saturation (with ear 


oximeter ) 14.3 97.5 
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In spite of many examinations during school, for insurance purposes and for employment, he 
had never been told that he had a heart murmur. One week before his admission in June, 1956, he 
had a sudden episode of “‘a terrible pain” beneath the upper part of the sternum. It hurt to breathe 
and he became very short of breath. He was admitted to the hospital where he was reported to 
be dyspneic with a respiratory rate of 28 per minute, pulse 140 per minute, rhythm sinus, blood 
pressure 130/82 mm. Hg. During the night of admission he became extremely dyspneic with 
orthopnea, marked air hunger and cardiac irregularity. Immediate digitalization with oxygen 
administration was effective in controlling this episode. After 2 days of treatment for cardiac 
failure, there was considerable improvement. The substernal pain went away. The dyspnea im- 
proved but some difficulty in breathing remained. In addition, there was a subjective feeling of 
“‘something preventing air from getting into the chest.”” At this point, consultation by a thoracic 
surgeon was requested and the patient was seen for the first time by the author. 

Examination.—The patient was a young white man, 21 years of age, in no apparent distress. 
His color was good. There was no evidence of cyanosis. There was a chronic eczema of the hands, 
feet, ears, and trunk. There was no clubbing of the fingers or toes, no peripheral venous distention 
and no enlarged glands in the neck. The lungs were clear. The significant findings were limited 


A. B. 


Fig. 1.—Posteroanterior (A) and left lateral (B) views of the chest. 


to the heart. There were no thrills. There wassinus rhythm. Pulse rate equalled the ventricular 
rate of 80 per minute. The apex beat and point of maximal impulse were not well made out. The 
first and second heart sounds were present in all areas. A» was greater than Po. In the left second 
and third intercostal spaces to the left of the sternum there was a Grade 2 harsh systolic murmur 
which was transmitted and increased in intensity toward the left infraclavicular area. The murmur 
was transmitted into the neck and heard in both the right and left interscapular areas. The liver 
was not enlarged. The spleen was not palpable. Blood pressure was 108/60 mm. Hg in both arms. 
Femoral pulses were normal and equal. 

Laboratory Reports——Circulation time: Right arm to lung, 7 sec.; right-arm to tongue, 18 
sec.; serum sodium, 138 meq./L.; serum potassium, 4.5 meq./L.; blood urea nitrogen, 13 mg. 
per cent; urine, negative; hemoglobin, 11.8 Gm.; red blood cells, 4,200,000; hematocrit, 37 per 
cent; blood sedimentation rate, 18 mm.; white blood cells, 9,500; neutrophils, 62 per cent; lympho- 
cytes, 24 per cent; eosinophils, 6 per cent; monocytes, 4 per cent; basophils, 3 per cent. 
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X-ray examination revealed normal peripheral lung markings, borderline enlargement of the 
heart, and what was considered to be marked dilatation of the main pulmonary artery and its 
branches. There was, however, a somewhat puzzling, vague double contour shadow in the area 
of the pulmonary conus (Figs. 1 and 2). 

The phonocardiogram revealed the systolic murmur maximal in the pulmonic area but also 
present all over the precordium (Fig. 3). 

The electrocardiogram showed low T,, with T waves inverted in V;, and low in V4, V5, and 
Ve (Fig. 4). 

The vectorcardiogram was reported as showing no evidence of right ventricular hypertrophy. 


The T waves were reported as abnormal. 

At this point the provisional diagnosis was congenital heart disease with pulmonic stenosis 
and poststenotic dilatation of the main pulmonary artery trunks. 

The result of cardiac catheterization are shown in Table I. 


A. B. 


Fig. 2.—Right oblique (A) and left oblique (B) views of chest. 


Fig. 3.—Phonocardiogram showing systolic murmur which was present preoperatively (second left 
intercostal space). 
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ADDED AND/OR SPECIAL LEADS (ALSO STD. IF DESIRED) 


Fig. 4.—Electrocardiogram. 
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About 25 c.c. of dye was injected manually through the thin-walled catheter into the outflow 
tract of the right ventricle, and spot films were taken. Oxygen capacity was 14.7 volumes per 
cent (100 per cent saturation). Oxygen consumption was 251 c.c. per minute. Cardiac output 
was 4.8 litres per minute. 

The change in pressures across the pulmonary valve corroborated the clinical diagnosis of 
pulmonic stenosis (Fig. 5). The spot films taken after dye injection were interpreted as showing 
the main pulmonary artery and its primary branches to be considerably dilated (Fig. 6). 

The interpretation by the cardio-respiratory laboratory of the above findings was (1) mild 
pulmonary valvular stenosis, and (2) marked aneurysmal dilatation of main pulmonary artery 
and its branches. 
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Fig. 5—Catheter tracing showing change between main pulmonary artery and right ventricle. 


Fig. 6.—Angiocardiogram taken at time of cardiac catheterization with manual injection of dye 
through a thin-walled catheter (interpreted incorrectly as aneurysmal dilatation of the main pulmonary 
arteries). 
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In spite of the apparently conclusive results of cardiac catheterization, there was still doubt 
as to the diagnosis. The possibility was raised of an aneurysm of the sinus of Valsalva with bulging 
into the pulmonic orifice or actual compression and distortion of the pulmonic valve, simulating 
pulmonic stenosis with a low-pressure differential across the valve. 


Fig. 7.—Conventional angiocardiogram showing pulmonary arteries and aorta separate from the medi- 
astinal shadow. 


Fig. 8.—Postoperative views of chest. 
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Angiocardiography was recommended to check on the interpretation of the films taken at 
catheterization. This procedure demonstrated that the pulmonary artery and its main branches 
were normal. The superior mediastinal shadow was superimposed over the great blood vessels 
but never opacified, indicating that this shadow was not of vascular origin but represented an 
anterior mediastinal mass (Fig. 7). It was now obvious that we were dealing with a mass unrelated 
to the cardiovascular system and that the lesion was actually a lobulated mediastinal tumor in 
the anterior mediastinum, lying directly over the heart and compressing the main pulmonary 
artery from in front, thereby producing a mild degree of pulmonary stenosis by external pressure. 
The preoperative diagnosis was anterior mediastinal tumor either of thymic or lymphogenous 


origin. 


Fig. 9.—Gross appearance of the mediastinal tumor with slice through the specimen to demonstrate 
type of tissue. In another area the mass was partially cystic. 


Surgery.—At surgery, a midline incision was made over the manubrium and upper sternum. 
The sternum was split into the fourth left intercostal space and retracted. A large mediastinal 
mass occupied the center of the field, extending from the thyroid above to well down over the 
pericardium below, and laterally as far as could be determined. With blunt dissection the inferior 
border of the mass was defined. It was densely adherent to the pericardium but it was dissected 
free. This portion was found to be partly cystic. Laterally there were two large egg-shaped masses 
extending deeply into the right and left hilum of the lung and centrally compressing the heart. 
These lobulations were dissected free by finger dissection, from their position about 3 inches deep, 
and delivered into the wound. The tumor mass superiorly seemed to be continuous with the lower 
aspect of the thyroid gland. The pedicle from the thyroid gland was isolated, clamped, and tied. 
The tumor mass was then peeled off from above downwards, until the left innominate vein was 
exposed. There were two thin-walled veins extending from the under aspect of the tumor directly 
into the left innominate vein, an indication of the thymic origin of the mass. There was an ex- 
tension of the tumor up along into the neck for a short distance on the right side. On the left side, 
the tumor mass was so densely and intimately adherent to the innominate vein that it had to be 
dissected free by sharp dissection with the scalpel. The mass was then removed. It was apparent 
that this large tumor mass had been compressing the heart and the main pulmonary artery, in 
particular. Neither pleura was opened during the dissection. 
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Postoperatively, the patient made an uneventful recovery. All symptoms disappeared. The 
cardiac murmur vanished. The postoperative views of the chest revealed an essentially normal 
thorax (Fig. 8). 

Surgical Pathology Report: Mediastinal Tumor.—The thymic tumor consisted of a lobulated 
mass weighing 1,089 grams and measuring 13 cm. in greatest diameter. A well demarcated surface 
suggested encapsulation. In the adherent fibrofatty tissue were thymic lobules and lymph nodes, 
Cut surface showed fibrous trabeculae traversing the yellowish tumor tissue, which had cystic 
foci, the largest almost 10 cm. across (Fig. 9). Microscopically the tumor showed the typical 
pleomorphic pattern of Hodgkin's disease with lymphoid elements, eosinophils, atypical reticulum 
cells, Reed-Sternberg cells, lipoid histiocytes and giant cells (Fig. 10). There was conspicuous 
fibrosis. Residual thymic tissue was present and the cysts showed an epithelial lining in places. 
The lymph nodes were hyperplastic and contained abnormal reticulum cells but were not frankly 
involved by the lymphomatous process. 


Fig. 10.—Microscopic appearance of mediastinal tumor. 


DISCUSSION 


Review of the literature disclosed only one case in which a similar murmur 
was produced by pressure on the pulmonary artery by a mediastinal malignant 
teratoma and in which surgical removal of the tumor caused disappearance of 
the murmur.'! In the present case, the diagnosis was almost missed, especially 
when manual injection of dye into the outflow tract of the right ventricle revealed 
what was wrongly interpreted as marked dilatation of the main pulmonary artery 
trunks. The use of a rapid injection device for this maneuvre would probably 
have avoided this error. Standard angiocardiograms revealed the true nature 
of the lesion and led to successful surgical removal of the mediastinal tumor. 
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There was some difference of opinion regarding the advisability of post- 
operative radiation to the anterior mediastinum. From the pathologic report of 
the removed specimen it seemed as though all of the tumor had been succesfully 
removed. However, the tumor mass was not encapsulated or circumscribed and 
it was impossible to be sure that all of the tissue in this region had been completely 
removed since thymic tissue tends to blend indistinguishably with the mediasti- 
nal fat and lymphatic tissue. In addition, the typical Hodgkin’s appearance 
microscopically of the tumor structure led to a recommendation in favor of 
radiation. Following a course of radiation therapy,the patient was discharged 
and has remained well since. 
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Fatality Following Cardiac Catheterization in a 
Patient With an Intracavitary Cardiac Mass 


Arthur H. Svedberg, M.D.,and John Storer, M.D., Cleveland, Ohio 


The true nature of the so-called intra-atrial myxoma remains shrouded in 
mystery. A subject of much conjecture, it is thought of usually as only a patho- 
logic curiosity. With the advent of cardiac surgery, many of these cases are 
being uncovered which ordinarily would not have been recognized until autopsy. 
Since the development of a feasible surgical technique to combat this ailment, 
preoperative recognition has become an urgent requirement. 

In speculating on the origin of the myxoma, two conflicting opinions have 
been promulgated. One group argues that these lesions are large thrombotic 
masses rather than tumors. Perhaps the single most significant factor in support 
of this thesis is the frequency of distribution of the mass. They are found more 
frequently in the left atrium than in any other chamber, which is likewise the 
site of predilection for intracavitary thrombi. It would, therefore, seem logical 
to assume a relationship between ordinary thrombi and the large masses which 
some investigators have called neoplasms. A definite correlation between left 
atrial thrombi, mitral stenosis, and atrial fibrillation has been established in a 
previous investigation.1. No one to our knowledge has attempted to relate the 
frequency of mitral stenosis to intra-atrial myxoma. If such a correlation were 
established, it would lend credence to the supposition of a thrombotic origin for 
the ‘‘atrial tumor.’”’ Protagonists of the neoplastic, as opposed to the thrombotic, 
origin list several factors as evidence. The myxoma is seldom encountered in the 
ventricular cavities, a site occasionally associated with thrombotic deposition. 
There is little histologic evidence of stratification, one of the criteria for the diag- 
nosis of thrombus. Then, too, there is thought to be no evidence of contraction 
of the lesion in the end stage as is characteristic of a clot. Embolization of 
fragments with continued growth has been reported and would seem to offer 
support to the neoplastic concept. Because of these divergent views, some ob- 
servers have felt justified in making two distinct classifications. This would 
seem a matter of interest only to the purist and it is not our desire to belabor 
this point. In view of the confusion in terminology and lack of definitive evi- 
dence for either theory, Lui and Musselman have suggested the term intracavi- 
tary cardiac mass.” 


From the Departments of Medicine and Thoracic Surgery, Huron Road Hospital, Cleveland, Ohio. 
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The symptomatology and clinical findings associated with this lesion have 
been well documented by several investigators. For the most part, it is best 
considered as a mechanical deterrent to the filling and/or emptying of a particular 
cardiac chamber. Since these lesions commonly occur in the left atrium, mitral 
stenosis may be simulated both clinically and radiologically. Mitral stenosis is 
often present, and thus the complete picture may be obscured. Cardiac decom- 
pensation may occur rapidly and for no reason which has been apparent pre- 
viously. The heart failure which ensues is characteristically relentless and not 
responsive to the usual therapeutic regimen. An understandable symptom re- 
lated to position is often manifest, in that assumption of the supine position may 
be the optimum for these patients. Presumably, atrial filling and emptying is 
best accomplished with the patient in this position. This is a variable picture, 
however, obviously dependent upon the attitude of the tumor mass in relation to 
the venous ostia and valvular orifices. The mass may be attached to the heart 
wall by a pedicle which allows it to move within the chamber and give rise to 
variable phenomena. The auscultatory findings are by no means pathognomonic. 
One investigator has reported a case in which the murmur was typical of mitral 
insufficiency in the recumbent position and mitral stenosis in the upright.’ 
Arrhythmias, cyanosis, dyspnea, apnea, pleural effusion, and embolic episodes 
are occasionally parts of the symptom complex. Angiocardiography is the only 
diagnostic method whereby the presence of an intra-atrial mass may be confirmed. 
Several incidences of premortem diagnosis have been reported demonstrated by 
this technique. 

The development of an extra corporeal unit has allowed the successful treat- 
ment of at least one of these cases.5 The increasing safety and experience gained 
by the use of open techniques throughout the country will undoubtedly lead to 
the repetition of Craaford’s experience. Since the symptomatology is so bizarre 
and the disease one which recurs rather infrequently, a high index of suspicion 
will probably continue to be the single most important item in establishing a 
diagnosis. 

Cardiac catheterization, ordinarily an innocuous procedure, is not helpful in 
establishing a diagnosis of an intracavitary cardiac mass. In fact, it may be a 
dangerous procedure and lead to fatality. Following is the case history of such 
a patient who succumbed after catheterization. 


CASE REPORT 


L. C., a 37-year-old white woman, was admitted to Huron Road Hospital on Dec. 6, 1954, 
with a chief complaint of ‘‘fatigability and shortness of breath.’’ She was orthopneic and had 
had progression in her symptomatology in the previous 6 months. Five years before this admis- 
sion, the patient had had an episode of cerebral embolization with a resultant right hemiplegia. 
She had been maintained on digitalis preparations for several years and required an occasional 
mercurial diuretic. Her husband volunteered that it was not unusual for the patient to violently 
throw herself up to a sitting position while sleeping. This apparently was accompanied by an 
improvement in her breathing. There was a history of active rheumatic fever in childhood. 

On physical examination, the patient was noted to be well nourished, well developed, and 
appeared chronically ill. There was mild distention of the cervical veins. Moist rales were present 
over both lung bases. The heart was regular in force, rate, and rhythm with a rate of 80 per 
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minute. A Grade 2 blowing systolic murmur was heard over the apex. A diastolic murmur was 
present in the same area, but this was not intense. Blood pressure was 130/90 mm. Hg. There 
was 2 plus pitting edema of the lower extremities. The remainder of the physical examination 
was within normal limits. 

Laboratory procedures revealed a normal hemogram and normal blood chemistry. Serology 
and urinalysis were negative. The electrocardiogram showed a nodal rhythm, QRS 0.06 second, 
right axis deviation, and digitalis S-T effects. Radiologic examination revealed enlargement of 
the transverse diameter of the heart. The left atrium was enlarged 3 plus. The inflow and out- 
flow tracts of the right ventricle were enlarged 2 plus. There was questionable enlargement of the 
left ventricle. The pulmonary conus was enlarged 2 plus and there was no apparent enlargement 
of the peripheral pulmonary vessels. 


Fig. 1.—View of the heart showing the intra-atrial mass. 


On Dec. 15, 1954, the patient was subjected to cardiac catheterization. She was placed on 
the fluoroscopic table in the supine position with one pillow under her head. Through a cutdown 
in the left antecubital fossa, a No. 7 cardiac catheter was introduced into the median basilic vein 
and guided into the superior vena cava, right atrium, right ventricle, main pulmonary artery, 
and into the right pulmonary artery. This procedure was done under fluoroscopic guidance and 
was carried out without incident. Repeated attempts at obtaining a P.V.C. pressure were made. 
However, the tip of the catheter could be introduced only a short distance into the right pulmonary 
artery where it met an obstruction. Blood samples and pressures were taken otherwise in the rou- 
tine areas. During the catheterization, a slow drip of 5 per cent glucose in water (10 mg. heparin to 
500 c.c. solution) was kept flowing through the catheter. The patient received a total of about 
200 c.c. of this solution during the procedure. Toward the end of the catheterization, the patient 
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experienced a chill and suddenly became very dyspneic. She quickly jumped to a sitting position 
on the table and threw herself violently on her right side. The catheter was immediately with- 
drawn and the incision in the forearm closed. The chill lasted for about 10 minutes. The patient 
was in obvious pulmonary edema. She was treated with positive pressure oxygen, intravenous 


Fig. 3.— Microscopic section through the mass obstructing the pulmonary artery. 
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Fig. 2.— Microscopic section through the atrial mass. 
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aminophylline, rotating tourniquets, and other supportive measures. She gradually improved 
within the next hour and was able to be returned to her room. During the next 8 hours, the pateint 
ran a gradual downhill course and expired 9 hours following cardiac catheterization. The cathe- 
terization data revealed that all samples from the main pulmonary artery and right ventricle were 
between 7.6 and 7.8 volumes per cent. The right auricular samples averaged 7.1 volumes per cent 
of 02/100 c.c. blood; the brachial artery oxygen content was 15.8 volumes per cent. Oxygen 
capacity was 18.3 volumes per cent and peripheral oxygen saturation 80.8 per cent. The main 
pulmonary artery pressure was 140/50 mm. Hg, with a mean of 85 mm. Hg. The mean right 
auricular pressure was 15 mm. Hg. 

The patient was subjected to autopsy within a few hours of death and the pertinent findings 
were confined to the chest and heart. There was a small amount of free fluid in the left pleura. 
The right lung contained numerous adhesions between parietal and visceral pleura. The heart 
appeared grossly enlarged. On opening the pericardium, a small amount of straw-colored fluid 
was noted. The pulmonary artery was dilated 3 times the size of the aorta. The right pulmonary 
artery was opened and a large ante-mortem thrombus was visualized. This thrombus was old 
and fibrotic and was attached to the posterior wall of the artery. It measured about 7 cm. in 
length and almost completely occluded the lumen of the artery. The left pulmonary artery con- 
tained no thrombotic material. Opening of the right atrium revealed a large ante-mortem throm- 
bus on the posterior wall of the atrial appendage, measuring approximately 3 cm. in diameter. 
The right ventricle was dilated but the wall was of normal thickness. The left atrium contained a 
large mass 5 X 4 X 4 cm. which was firmly attached to the posterior wall. It quite extensively 
occluded the free inflow of blood through the pulmonary veins. The mass was yellowish, rubbery 
in consistency, and on section showed a somewhat dense hyaline appearance. The mitral valve 
was thickened and stenotic. The orifice of the valve was about 4 mm. in size. The papillary 
muscles and the chordae tendinaea were markedly thickened and shortened. The left ventricular 
was 1.6 cm. in thickness and the left ventricle was not dilated. The aortic valves and aorta were 
normal. 

Histologic examination of the left atrial mass showed the cells to be markedly swollen, with 
considerable vacuolation of the cytoplasm forming spider-like structures within the cells. The 
endocardium overlying was markedly thickened. In one area through this intracavitary mass 
there was definite organization and infiltration of the mass by spindle cells and fibroblasts. In 
many areas there were spider-like cells with a lavender staining stroma suggesting early pseudo- 
myxomatous formation. A section through the pulmonary artery in the region of the thrombus 
showed marked thickening of the wall. In many areas this lesion took a lavender stain through- 
out its stroma and gave the appearance of amyxoma. The regional lung tissues showed the smaller 
arterioles to be considerably thickened with hypertrophy of the muscular layer and narrowing of 
the lumina. In the opinion of the pathologist, these lesions were thrombotic deposits.® 


The precipitating factor in death was undoubtedly pulmonary edema initi- 
ated by obstruction to the pulmonary vein. What factor was responsible for 
this sudden catastrophe is not certain. It is unlikely that the intravenous ad- 
ministration of a small quantity of dextrose in water (200 c.c.) may have initiated 
the irreversible pulmonary edema. The more plausible factor was the rather 
prolonged and enforced unphysiologic (for her) position which the patient assumed 
during the catheterization. The obstructive element which was met when the 
catheter was passed into the right pulmonary artery is explained by the finding 
of the large thrombotic lesion which almost occluded this vessel. 

In reviewing this case, one must conclude that cardiac catheterization directly 
precipitated death. Since catheterization is not diagnostic of an intracavitary 
cardiac mass, it is unfortunate that it was carried out on this patient. It is 
evident, therefore, that one must be vigilant when dealing with such a problem 
and ever mindful of the possibility of an intracavitary cardiac mass in the patient 
thought to be an atypical mitral stenotic. 
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If the surgeon has prepared only for mitral commissurotomy and is pre- 
sented with the finding of an intracavitary cardiac mass at surgery, he is apt to 
be somewhat dismayed. Although some heroic efforts have been made to extract 
these lesions by closed techniques, they have more often than not met with failure. 
On the other hand, if the diagnosis has been made preoperatively, the surgeon 
may prepare to remove this mass with the aid of an extra corporeal unit. It is 
thought, therefore, that a high degree of suspicion concerning the possibility of 
such a lesion will continue to be the single most important factor in effecting a 
favorable outcome. For only after an accurate preoperative diagnosis can the 
necessary forces be motivated to attack the intracavitary mass. 
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ANVr—An Index of Right Ventricular Preponderance: Correlation of 
QRS Patterns in AVr and the Right Precordial 
Leads With the Ventricular Workload Ratio 


Richard H. Wasserburger, M.D.,and John H. Brown, M.D., Madison, Wis. 


INTRODUCTION 


One of the most challenging aspects of clinical electrocardiography is the 
unequivocal identification of right ventricular preponderance (RVP).* Failure 
to establish adequate criteria for normal electrocardiograms, particularly those 
of infants and young children, has caused much uncertainty in this regard.!-7 
Nonuniformity of results and the overinterpretation of the various RSR’ patterns 
in the right precordial leads have been the consequences. 

Application of adult standards for RVP to infants and children has increased 
the confusion.*-§ This is particularly true for criteria based on various R/S 
ratios in the right precordial leads, inasmuch as the electrocardiographic finding 
of the normal newborn and young infant invariably mimics the established cri- 
teria for RVP in adults.*.9-” 

On the other hand, relatively little reliance has been placed on the diagnostic 
value of augmented limb leads in detecting RVP. Myers and associates® felt 
that the augmented limb leads theoretically should have diagnostic value; they 
especially commented upon the presence of a tall, late R wave in AVr. How- 
ever, even this guide was often absent in their series. Only 3 of the 40 autopsied 
patients in their series had congenital heart disease, with cor pulmonale and mitral 
stenosis actually comprising 37 of the total cases. Neither of these latter 2 
entities produces advanced degrees of right ventricular hypertrophy. Similar 
results were found in other, less well-controlled studies.?:7 Schack and associ- 
ates® actually excluded right bundle branch block (RBBB) patterns in their 
correlation of Lead AVr and right ventricular strain. 
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Goodwin? and Camerini and co-workers" found the presence of the tall, 
late R-AVr wave to be quite helpful in predicting RVP, but, nonetheless, ex- 
pressed preference for the more extreme right precordial leads, i.e., V3;R-ViR. 

Our interest in the value of the augmented limb leads in detecting RVP 
arose from the fact that in our recent electrocardiographic survey of 1,000 normal 
infants and young children,” the late R wave in AVr equalled the preceding nega- 
tive deflection in only 12 instances, and exceeded it in none. This was true 
regardless of the QRS complex configuration in the right precordial leads where 
predominant R’ waves or primary R waves were common. The only exception 
to this finding was the electrocardiogram of the newborn, where a predominant 
late R-AVr deflection was the rule. The amplitude of the entire QRS complex 
in AVr, however, was consistently diminutive (3 to5 mm.). This diminutive 
configuration was absent after the age of 1 month. 

A survey of over 5,000 normal adult electrocardiograms with vertical cardiac 
position failed to show a predominant, late R-AVr pattern. Extreme degrees of 
horizontal position occasionally resulted in a tall, late R-AVr pattern due to 
posterosuperior deflection of the left ventricular potential. 

Accordingly, we have evaluated the role of AVr in depicting RVP in infants, 
children, and adults, provided that the tall, late R-AVr patterns were seen in a 
vertically positioned heart. We wished to test the hypothesis that the presence 
of the tall, late R-AVr pattern was of value in differentiating the apparent 
“benign” from the “complicated” incomplete right bundle branch block (IRB 
BB).* To test the validity of the tall, late R wave in AVr in predicting RVP, 
the QRS complex configuration of AVr and the right precordial leads were cor- 
related with the hemodynamic data of 243 patients who had undergone cardiac 
catheterization. Of this group, 204 had clinically established congenital heart 
disease. All patients selected for study showed evidence of either an elevated 
right ventricular work index (above 1 Kg./min./M.?) or a right ventricular systolic 
pressure greater than 60 mm. Hg. In the early period of the study it became 
apparent that the observed electrocardiographic patterns were related more to 
the ratio right ventricular work index to left ventricular work index (RVWI/ 
LVW1), than to either the right ventricular work index itself or the level of right 
ventricular pressure. Since it has not been described previously, we have chosen 
to call this ratio of work indices the ventricular workload ratio (VWLR). 

The purpose of the present study is then twofold: to establish electrocardio- 
graphic criteria for RVP applicable to infants, children, and adults, and to depict 
the value of lead AVr in assessing the right ventricular workload. 


METHODS AND MATERIALS 


The electrocardiographic patterns were analyzed on 245 patients with established right 
ventricular hypertension or an increase in the right ventricular work index greater than 1 Kg./ 
min./M.*. This figure has been suggested previously to denote significant increase in right ven- 
tricular work.*-'7 Of these patients, 204 had clearly established congenital heart disease, 32 had 
mitral stenosis, and 9 had chronic cor pulmonale. Table I presents the etiological breakdown on 
the total series of 245 patients. 


*The terms ‘“‘benign"’ and ‘‘complicated’’ incomplete right bundle branch block patterns refer to 
the absence or presence of coexisting right ventricular hypertrophy, respectively. 
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In addition to the physiologic examination, all patients had serial chest roentgenograms and 
fluoroscopy; many had thoracotomy, some had angiocardiography, and in a few, autopsy confirma- 
tion was available. 


Prior to April, 1955, all electrocardiograms were collected from the Heart Station files, 
University Hospitals. Subsequently, the Burdick experimental model of the Elema direct-writing 
electrocardiograph* was utilized. This machine offered a paper speed of 50 mm./sec. and a fre- 
quency response of 600 cycles/sec. In addition to the conventional 12 electrocardiographic leads, 
V;R and VE were taken routinely. In selected instances, extensive precordial mapping was 
carried out in an effort to determine the electromotive pathway of the various right precordial 
rsR’ patterns. The QRS complexes of AVr, as well as all of the precordial leads, V;R through 
Vs, were critically analyzed for amplitude and time duration of each given deflection. All R’ 
waves were measured in time from the nadir of the preceding negative deflection to the apex of 
the R’ wave. At the paper speed of 50 mm./sec., accuracy was possible to the 0.005 second level. 


Cardiac catheterization was performed at the Cardiovascular Laboratory, University Hos- 
pitals, by the method of Cournand and associates.'® The ventricular workloads were calculated 


( work ) 
by the formula of Gorlin and co-workers,!* and were reduced to indices \ surface area / for ac- 
curacy of comparison. The ratio of the right to the left ventricular work indices was established 
as the ventricular workload ratio. Normally, this ratio is in the range of 0.20 to 0.30. 


As shown on all subsequent tables in this paper, the various QRS complex configurations of 
AVr and V;, were divided according to specific diagnoses and expressed as either positive (+) or 
negative (— ), signifying the presence or absence of RVP. They were correlated with the calculated 
ventricular workload ratio, the right ventricular pressure, and the right ventricular work index it- 
self. In the interest of simplicity, the last two determinations are omitted from the tables. The 
criterion for a positive AVr was merely that of observing a predominant, late R wave in AVr in 
the presence of vertical cardiac position. The criteria for a positive V; were more difficult to define 
since there is a fairly wide difference of opinion regarding which pattern actually signifies RVP. 
In general, the criteria of Myers,?° and Barker and Valencia* were used; these include the presence 
of an apparent qR or pure R-wave pattern, an rsR’ pattern with an R’ of i0 mm. or greater oc- 
curring in the right precordial leads, or a complete right bundle branch block (CRBBB) with 
marked shift of the transitional zone to the left. The measurements of ventricular activation 
time in the right precordial leads were determined from the nadir of the preceding negative de- 


TABLE I. SELECTION OF PATIENTS 


Tetralogy of Fallot 24 
Pentalogy of Fallot 4 
Atrial Septal Defect with Pulmonic Stenosis 21 
Isolated Pulmonic Stenosis 22 
Atrial Septal Defect 37 
Ventricular Septal Defect 40 
ASD + VSD 7 
VSD + Pulmonary Stenosis 7 
Eisenmenger’s Complex 5 
Patent Ductus Arteriosus 22 
Mitral Stenosis 32 
Miscellaneous 24 

Total 245 


*Courtesy of the Burdick Corporation, Milton, Wis. 
+The data on all tables include 203 of the 245 patients who were accumulated prior to June, 1956. 
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flection to the apex of the late R wave in instances of the qR or rsR’ pattern, and from the isoelec- 
tric line to the apex of the R wave in the pure R-wave pattern. All measurements were recorded 
to the nearest 0.005/sec. The type of QRS complex configuration seen in the right precordial 
leads is likewise depicted on all tables. 


Since the series included a wide variety of congenital heart lesions, as well as patients with 
mitral stenosis and chronic cor pulmonale, there was a wide age range from 6 weeks to 57 years; 
thus, no attempt was made to analyze the data according to age. Each clinical entity, however, 
will be dealt with individually and certain cross-entity correlations will be made. 


RESULTS 


Tetralogy of Fallot—The data on tetralogy of Fallot will be presented first 
because of its time-honored position as representing classical right ventricular 
hypertrophy. Our findings certainly support this fact for, as can be observed 
in Table II, all patients had significant elevation of the ventricular workload 
ratio, the lowest recording being 0.82. AVr revealed a predominant, late R wave 
in 23 of the 24 patients. The only exception occurred in Patient H. K., age 
34 years, who had a CRBBB pattern. There were 4 instances in which V; 
failed to suggest right ventricular preponderance. Fig. 1 gives such an example. 
Incomplete right bundle branch block patterns were the most common QRS con- 
figurations seen in V;. Of correlative interest, 83 per cent of Wood’s 52 cases of 
tetralogy of Fallot had (+) AVr patterns.” 


Pentalogy of Fallot.—This entity will be considered a variant of tetralogy. 
Two of the 4 patients had extremely high VWLR’s, and 3 of the 4 had (+) AVr 


TABLE II. TETRALOGY OF FALLOT 


PATIENT | AGE AVr Vi Vi | RVWI/LVWI 
R.B. 19 yr. + + Rs 2.44 
T.B. 10 yr. + ~ rs 
R.T. 2 yr. + + qR 2.00 
G.D. 17 mo + : R 1.90 
R.F. 23 mo + + qR 1.87 
Ae 5 yr. + + R 1.69 
34. yr. + CRBBB 1.65 
K.O. 4 yr + + Rs 1.39 
F.M. | 14 yr + p IRBBB 1.23 
3 yr IRBBB 1.22 
1s. 2 yr + + Re 1.22 
S. 4 yr + + q | 1.21 
J.K. 4 yr + + IRBBB 1.13 
J.D. 3 yr + +> | IRBBB | 1.05 
Y.M. 12 yr. + + IRBBB_ | 1.03 
E.S. | 4 yr. + + IRBBB_ 1.02 
K.K. 17 mo + - IRBBB | 0.88 
L.B. 10 yr. + - IRBBB | 0.82 
S.D. 4 yr. ~ + qR | NoC.O.** 
D.G. 2 yr. + + R | No C.O.** 
C.B. 2 yr. + None | Available | NoC.O.** 
of 4 yr. + Rs | NoC.O.** 


*Infundibular stenosis. 
**No cardiac output available. All had gross RV hypertension, 92/1.0, 92/3.6, 124/4.0, 86/—7.0, 
respectively. 
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patterns. Fig. 2 reveals the pattern in Patient A.S., age 4 years, who had one 
of the highest calculated ventricular workload ratios in the entire series. A 
classical IRBBB pattern is seen in V,. 

Pulmonic Stenosis and Atrial Septal Defect—This entity ranks second only 
to tetralogy of Fallot in its electrocardiographic consistency. Table III shows 
the data on 18 of the 21 patients included in this category. A positive AVr 
was recorded in all but 2 instances. It was consistently observed that the late 
R’ wave in AVr clearly arose from the R’ wave of the IRBBB seen in the right 
»recordial leads. 

Lead V;, failed to suggest right ventricular preponderance in 3 instances 
when the VWLR was above 0.80; an example of this is shown in Fig. 3. Fourteen 
of the 21 patients in this series had a VWLR of 0.80 or greater. The value of 
AVr in assessing the ventricular workload is well shown in Fig. 4, where postop- 


AV, | V4 V6 


tit 
we rene 


Fig. 1. 


Fig. 2. 


Fig. 3. 


TT 


ees 


yy 


one 


Fig. 1.—T.B., age 10 years. Tetralogy of Fallot. A tall, late R-AVr pattern is present with ver- 
tical cardiac position, held as diagnostic of RVP, yet V; failed to suggest such a pattern. The VWLR 
exceeds 2.0. RV = 86/0; R-to-L shunt = 2.0 L.; C.I. = 3.6 L.; RVWI = 3.5 Kg./min./M.?; LVWI = 1.6 
Kg./min./M.?; VWLR = 2.20. 

Fig. 2.—A.S., age 4 years. Pentalogy. Classical IRBBB pattern is present in V;R with a tall, 
late R-AVr wave and a markedly increased VWLR. RV = 87/0; R-to-L shunt = 1.7 L.; C.I. = 4.8 L.; 
RVWI = 7.7 Kg./min./M.2; LVWI = 3.0 Kg./min./M.?. 

Fig. 3.—M.M., age 3% years. Valvular pulmonic stenosis and auricular septal defect. Although 
the right precordial leads are not truly abnormal, AVr reveals a diagnostic pattern of RVP. Note the 
marked increase in RV pressure and the elevated VWLR. RV = 120/0 mm. Hg; PA = 39/17 mm. Hg; 
R-to-L shunt = 1.16 L./min.; RVWI = 3.7 Kg./min./M.?; LVWI = 5.2 Kg./min./M.?; VWLR = 0.71. 


Vv 
AV, AV. Vv 


38 WASSERBURGER AND BROWN 


TABLE III. PuLMonic STENOSIS AND ATRIAL SEPTAL DEFECT 


PATIENT AGE AVr Vi V1 RVWI/LVWI 
K. J. 4 yr. + + qR 2.24 
J.S. 5 yr. + None | Available 1.79 
AR 16 yr. + + IRBBB 1.73 
M.N. 13 yr. + + IRBBB 1.62 
L.M. 5 mo. + + Rs 1.30 
J.M. 2 yr. + - RS 1.28 
S.D. 3 mo. + Rs 
J.N. 11 yr. + + qR 1.11 
M.V. 34 yr. + + (V2) CRBBB 0.87 
A.W. 29 yr. + - IRBBB 0.84 
1.G. 22 yr. _ + Rs 0.83 
R.S. 11 mo. + _ qgR 0.80 
5 yr. + + qR 0.65 
M.W. 3 yr. + + qR 0.56 
R.S. 26 yr. + — IRBBB 0.54 
C.F. 6 yr. + — RS 0.48 
C.H. 3 yr. IRBBB 0.38 
G.B. 3 yr. + + IRBBB No C.O.* 

*No cardiac output available. RV=110/20 mm. Hg. 

TABLE IV. ISOLATED PULMONIC STENOSIS 
| ] 
PATIENT AGE AVr Vi Vi | RVWI/LVWI 
Valvular Stenosis 

M.M. 3 yr. + + Rs | 1.30 
L.O. 6 yr. + + IRBBB | 1.19 
C.M. 36 yr. + + qR 1.10 
P.D. 6 yr. + + IRBBB 1.08 

S.G. 8 mo. + + R 1.03 
G.H. 25 yr + + IRBBB 0.90 
CS. 12 yr + + R 0.80 
W.T. 37 yr - + IRBBB 0.62 
B4 9 yr + IRBBB 0.60 
R.D. 28 yr + 5 IRBBB 0.58 
A\.G. 30 yr + + IRBBB 0.52 
K.Z. 9 yr _ None | Available 0.50 
J.N. 31 yr + + IRBBB 0.47 
5 yr IRBBB 0.44 
D.H. 15 yr — _ rS 0.42 
C.B 9 yr R 0.40 
J.P 13 yr = + IRBBB 0.39 
r.H 8 yr —_ + IRBBB 0.33 

Infundibular Stenosis 
D.B. 15 yr. — + IRBBB 0.87 

J.B. 13 yr. + + CRBBB 0.82 
R.C 9 yr. - + IRBBB 0.65 
H.R. 30 yr. _ _ rS 0.64 
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eratively the late R-AVr pattern disappeared subsequent to the reduction of 
RV pressure and VWLR, yet V;R continued to show an apparent qR complex, 
suggesting persistence of the basic RVP pattern. 

Isolated Pulmonic Stenosis —Table IV depicts the data on 22 patients with 
isolated pulmonic stenosis. The VWLR was elevated above 0.60 in only 9 of 
18 instances of valvular pulmonic stenosis. Six had relatively low VWLR’s 
and, accordingly, quite mild degrees of right ventricular outflow obstruction. 
AVr was (+) in 10 of the 11 instances where the VWLR was 0.52 or greater. 
Patient W. T., 37 years old, showed only a time delay in the inscription of the 
late R wave in AVr. 

The results with infundibular stenosis were quite interesting in that AVr 
was (+) in only 1 of 4 instances when the VWLR was definitely elevated. One 
may postulate the relative absence of right ventricular outflow tract hypertrophy 
due to the infundibular stenosis with the electromotive potential of the trabecular 
surface of the RV directed inferiorly and to the right. V, was (+) in 3 of the 4 


Fig. 4.—J.T., age 5 years. Atrial septal defect with valvular pulmonic stenosis. A, Preoperatively: 
RV = 120/0; PA = 22/12; peripheral saturation = 81 per cent; R-to-L shunt = 1.0 L.; L-to-R shunt = 
none; RVWI = 2.2 Kg./min./M.?; LVWI = 3.5 Kg./min./M.?; VWLR = 0.63. The predominant late 
R-AVr pattern disappears following surgical repair, with persistence of an apparent qR complex in 
V;R. Note the gross decrease in RV pressure postoperatively. B, Postoperatively: RV = 62/3.0; 
PA = 30/18; peripheral saturation = 94 per cent; no shunt demonstrated; RVWI = 1.3 Kg./min./M.?; 
LVWI = 2.6 Kg./min./M.?; VWLR 0.50. 


Fig. 5.—P.D., age 6 years. Valvular pulmonic stenosis. Note the initial slur on the base of the 
R wave in V;R which is not clearly seen in V;. AvVr is classical for RVP. RV = 134/0 mm. Hg; PA = 
22/8.0 mm. Hg; M. = 14 mm. Hg; RVWI = 3.80 Kg./min./M.?; LVWI = 3.53 Kg./min./M.?. 
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instances, and both AVr and V, were negative in a single instance. Contrary 
to the observation of Cabrera and Monroy™ and Sodi-Pallares and Marsico,™ 
who felt that an IRBBB was a reflection of right ventricular diastolic overloading, 
12 of the 22 patients in this series had such a pattern, although the hemodynamics 
of this lesion should result in systolic overload. Fig. 5 reveals an rsR’ pattern 
in V.4R which was not clearly seen in V,, being represented as an apparent pure 
R wave. Although a low cardiac index was present, the VWLR was 1.12. Mar- 
quis® has recently stressed the finding of markedly depressed R-ST segments in 
the right precordial leads in this entity, although this was not a consistent finding 
in the present data. Of corollary interest, all 8 patients in his series had positive 
AVr patterns. 

Atrial Septal Defects —Atrial septal defects (37 patients) made up the second 
largest single entity in the congenital heart group. Two facts predominate in 
Table V: (1) Above a VWLR of 0.73, AVr and V, were (+) for right ventricular 
preponderance in every single instance. (2) Either an IRBBB or a CRBBB was 
present in 31 of the 37 patients. The latter finding corroborates the high inci- 
dence of RBBB patterns in this entity, as previously stressed by Barber and 
co-workers*® and Sodi-Pallares and Marsico.** In 5 instances there were elevated 
VWLR’'s due to high calculated L-to-R shunts at the atrial level, yet the right 
ventricular pressures were normal, as were the AVr patterns. Patients B. C., age 


TABLE V. ATRIAL SEPTAL DEFECT 


PATIENT AGE Avr V1 V1 RVWI/LVWI 
L.B. 6 yr - + IRBBB 2.50 
].K. 4 yr Rs 2.16 
B.B. 29 yr + + IRBBB 1.88 
\.P. 14 yr + IRBBB 1.68 
D.L. 8 yr + + IRBBB 1.37 
C.D. 51 yr 4 + IRBBB 1.13 
A.K. 48 yr + + IRBBB 1.13 
Bin 1 yr + + CRBBB | 1.07 
T.V. 5 yr + + qR 1.03 
D.D. 7 mo + + IRBBB 0.09 
D.C. 18 yr a + CRBBB 0.84 
ce. 18 yr a IRBBB 0.76 
A.B. 29 yr - IRBBB 0.76 
D.S. 14 yr -* + CRBBB 0.73 
L.D. 4 yr + None | Available 0.70 
C.N. 11 yr -* - IRBBB 0.70 
B.D. 2 mo IRBBB 0.66 
\.L. 27 yr + + IRBBB 0.63 
R.R. 53 yr + + qR 0.54 
R.L. 19 yr —* + RS 0.53 
R.B. 25 yr -* + IRBBB | 0.51 
G.H. 7 yr + + IRBBB 0.46 
G.L. 19 yr IRBBB 0.38 
0.0. 26 yr - - IRBBB 0.38 
M.C. 11 yr ae + CRBBB 0.35 
M.P. 4 yr rS 0.35 
B.C. 18 yr — + IRBBB 0.30 
S.P. 14 yr _ a CRBBB 0.23 


*Normal RV pressures but large calculated L-to-R shunts at atrial level. 
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18 years, and S. P., age 14 years, had IRBBB and CRBBB, respectively, with low 
(normal) VWLR’s. Fig. 6 shows the pattern of J. K., age 4 years, who had the 
largest calculated RVWI seen in our entire series, namely, 13.4 Kg./min./M.? 
and a VWLR greater than 2.6 
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Fig. 6.—J.K., age 4 years. Auricular septal defect. Classical R-AVr pattern with an extremely 
high VWLR. RV = 95/0; L-to-R shunt = 6.2 L.; R-to-L shunt = 1.2 L.; C.I. = 6.2 L.; RVWI = 13.4 
Kg./min./M.?; LVWI = 6.2 Kg./min./M.?. 


Ventricular Septal Defect—Forty patients with ventricular septal defect 
were examined. The findings in 28 of these are shown in Table VI. It is readily 
seen that few cases with VWLR’s above 0.51 were found. Only 4 patients (2 
not shown on data table) had a VWLR greater than 1.0. On the other hand, the 
incidence of detectable left ventricular preponderance (LVP)* was high. In 
these cases, AVr was consistently negative. IRBBB and Rs patterns were 
frequent in the right precordial leads in those with VWLR’s below 0.41. Of all 
congenital heart entities encountered in the present series, ventricular septal 
defect most commonly suggested combined ventricular preponderance (CVP). 

From the electrocardiographic standpoint, 3 basic patterns were encountered 
with ventricular septal defects: (1) pure RVP, (2) pure LVP with a negative 
AVr pattern, and (3) CVP showing evidence of LVP plus an IRBBB in the right 
precordial leads and a Q/R ratio approaching unity in AVr. The pattern of 
left ventricular preponderance appears similar (both from the electrocardio- 
graphic and hemodynamic standpoint) to that seen in the uncomplicated patent 
ductus arteriosus. It appears that when the pulmonary vascular resistance 
reaches a certain critical level, the LVP pattern is converted either to a CVP 
pattern, or a basically RVP pattern. Similar patterns are seen in the ‘‘malig- 
nant”? patent ductus arteriosus with a consequent R-to-L shunt, and in Ejisen- 
menger’s complex. Marquis,”’ in accord with the present data, found LVP and 
CVP to predominate in his cases of ventricular septal defect. Figs. 7,-8, and 9 
are examples of right, left, and combined ventricular preponderance, respectively, 
as seen in this entity. Although an extreme right precordial lead is not available 
in Fig. 7, AVr is sufficient to establish the presence of RVP. Note the delay in 
ventricular activation time over the left ventricle in Figs. 8 and 9. 


*The electrocardiographic criteria for LVP were based solely on delay in ventricular activation 
time over the left ventricular leads. This measure was made from the nadir of the septal q wave to 
the peak of the succeeding R wave. Comparative data are drawn from values accumulated on 1,000 
normal infants and children, as well as from previously established criteria.” 
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Combined Atrial and Ventricular Septal Defects——High VWLR’s were ob- 
served in 6 of the 7 patients with combined atrial and ventricular septal defects. 
The 5 patients with an elevated VWLR above 0.72 had (+) AVr patterns. 
The 2 remaining patients showed electrocardiographic evidence of LVP, and in 
both instances AVr was negative. IRBBB patterns were observed in 6 of the 
7 patients, including H. L., who exhibited a relatively low VWLR of 0.41. 


Fig. 7.—D.B., age 26 years. Ventricular septal defect. Lead AVr is diagnostic for RVP although 
the extreme right precordial V leads are not available. RV = 158/1 mm. Hg; L-to-R shunt = 2.7 L./min.; 
R-to-L shunt = 2.0 L./min.; RVWI = 5.4 Kg./min./M.?; LVWI = 6.2 Kg./min./M.?; C.I. = 3.7 
L./min./M.?. 


Fig. 8.—J.G., age 7 years. Electrocardiographic pattern of left ventricular preponderance as 
seen in ventricular septal defects. The ventricular activation time over the left ventricular leads is 
abnormally delayed. The VWLR is expressed as 0.16; RV = 39/0 mm. Hg; L-to-R shunt = 3.5 
L./min.; RVWI = 1.20 Kg./min./M.2; LVWI = 7.45 Kg./min./M.?. 
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Fig. 9.—S.W., age 10% years; ventricular septal defect. Combined ventricular preponderance 
is suggested by delay in ventricular activation time of the left ventricle, a tall IRBBB pattern in V;R, 
and an R wave in AVr approaching unity. Note the large QRS complex in AVr with the late R wave 
approaching unity; the incomplete RBBB pattern in V;R with tall delayed R’ wave; and the prominent 
R waves over left ventricular leads with delay in onset of intrinsicoid deflection (V; and V7). RV = 74/4.0 
mm. Hg; PA = 71/31 mm. Hg; M. = 48 mm. Hg; R-to-L shunt = 0.2 L./min.; L-to-R shunt = 8.2 
L./min.; RVWI = 5.34 Kg./min./M.?; LVWI = 7.46 Kg./min./M.2; VWLR = 0.71. 


Vol 
Nun 


wilt 
tro 
rel 
in 
act 
AV: AV AV, Vv 
L F 4 > 
re 
AV. AV Vv Vv Vv Vv Vv 
L 1 2 5 6 


cam may AVr: INDEX OF RIGHT VENTRICULAR PREPONDERANCE 43 

Ventricular Septal Defect and Pulmonic Stenosis.—Only 3 of the 7 patients 
with this entity had a VWLR above 0.65. Below this value, 3 patients had elec- 
trocardiographic evidence of left ventricular preponderance with only mild or 
relative pulmonic stenosis. 

Fig. 10 shows the progression of the R-AVr pattern over a 3-year period 
in a 9-year-old child. An apparent pure R wave is seen in V;. The RVWI 
actually exceeds the LVWI. 

Eisenmenger’s Complex.—Four of the 5 instances of Eisenmenger’s complex 
had (+) AVr patterns and an elevated VWLR. A fifth patient had no electro- 
cardiographic evidence suggesting RVP in either Lead AVr or V;, yet Lead VE 
(ensiform process) revealed an almost pure R wave with delay in ventricular 
activation time consistent with RVP. His VWLR exceeded 1.0. Fig. 11 is that 
of L. T., a 14-year-old child, who had an extremely high VWLR. Although V, 
was not available, AVr was sufficient to establish the presence of RVP. 

Patent Ductus Arteriosus——Findings on 22 patients with patent ductus 
arteriosus have been analyzed. Table VII illustrates the patterns in 17 of them. 
The data were remarkably similar to those of ventricular septal defects. Of 
real interest was the finding of high VWLR’s in all instances of reversed ductus 


TABLE VI. VENTRICULAR SEPTAL DEFECT 


PATIENT | AGE | AVr | Vi [ Vi | RVWI/LVWI | REMARKS 

| 
D.J. 25 yr. + | + | IRBBB 2.00 | 
J.H. 3 yr. + | + | IRBBB | 1.77. | 
N.F. 21 yr. + + | IRBBB | 0.94 | 
S.D. 13 yr. - - | qs 0.80 | CLBBB 
M.S. 7 yr. — | None | Available 0.75 
P.G. 7 yr. | + | None | Available 0.70 | 
SS. 17 mo. | - + | IRBBB | 0.68 | RV.s+ LVH 
DS. | Tyr. | | IRBBB | 0.63 | 
J.B. | 2mo. | IRBBB | 0.52 | 
K.B. | 3mo | | + IRBBB 0.51 LVH 
D.B. 2 yr. Ss + Rs 0.45 
R.B. 21 yr. + | + IRBBB 0.45 
D.K. 8 mo. - + R 0.44 RV,+ LVH 
i. 4 mo. - None | Available 0.41 RV,+ LVH 
H.K. 2 mo. + + 0.41 
K.S. 3 yr. + + IRBBB 0.36 
S.F. 9 yr. _ _ IRBBB 0.33 
J.R. 12 yr. IRBBB 0.32 LVH 
B.K. 8 yr. - + IRBBB 0.30 RV,+ LVH 
9 mo. + | IRBBB 0.30 RV.+ LVH 
i 15 yr. +* Nous | Available 0.29 RV.+ LVH 
R.B. 7 wk. — + Rs 0.29 
G.B. 5 yr. rS 0.28 RV,+ LVH 
D.Q. 6 mo. — aa Rs 0.27 RV,+ LVH 
K.T. 27 yr. rS 0.24 RV,.+ LVH 
8 mo. +/— IRBBB 0.24 
8 mo. + Rs 0.17 RV,+ LVH 
R.P. 1 yr. - + Rs 0.13 RV,+ LVH 


*Horizontal position. 
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arteriosus. A tall, late R-AVr pattern was seen in 7 of these 9 patients, the only 
2 exceptions occurring with D. B., age 21 months, who had electrocardiographic 
evidence suggesting LVP, and L. D., age 4 years, who had an ILBBB. Both 
of these patterns would tend to negate the electromotive potential of AVr and V3. 


V6 


Fig. 10.—C.K., age 9 years. Ventricular septal defect with pulmonic stenosis. (A, Oct. 30, 1953; 
B, May 3, 1956.) Progressive increase in the R-AVr wave over a period of 24% years. An apparent 
pure R wave is seenin V;. The calculated RVWI actually exceeds the LVWI. RV = 89/—6.0 mm. Hg; 
PA mean = 4.75 mm. Hg; R-to-L shunt = 0.4 L./min.; L-to-R shunt = 0.1 L./min.; C.I. = 1.2; 
RVWI = 1.4 Kg./min./M.?; LVWI = 1.3 Kg./min./M.?. 


Fig. 11. 


Fig. 12. 


Fig. 11.—L.T., age 14 years. Eisenmenger’s complex. Although a more extreme right precordial 
V lead is not available, the configuration of AVr is such that RVP is readily suggested. An extremely 
high VWLR is present. RV = 124/—6.0; C.I. = 6.4; RVWI = 7.0 Kg./min./M.?; LVWI = 2.7 
Kg./min./M.”. 


Fig. 12.—F.L., age 33 years. Reverse ductus arteriosus. The predominant late R-AVr pattern, 
if present with an established ductus arteriosus, suggests reversal of the extra cardiac shunt, and a 
basic RVP pattern. The VWLR actually exceeds 1.0. RV = 126/0 mm. Hg; R-to-L shunt = 1.20 
L./min.; arterial saturation = 78 per cent; RVWI = 4.26 Kg./min./M.?; LVWI = 4.06 Kg./min./M.?; 
VWLR = 1.04. 
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Below a VWLR of 0.54, AVr was consistently negative, yet V; showed a 
scattering of IRBBB patterns. Low VWLR’s were the rule in the uncomplicated 
ductus arteriosus group, as would be anticipated. Values as low as 0.12 and 
0.14 were recorded. All instances of uncomplicated ductus arteriosus showed 
evidence of either LVP, an ILBBB pattern, or a Wolff-Parkinson-White con- 
figuration. Thus it appears that if a tall, late R-AVr pattern occurs in the pres- 
ence of a known ductus arteriosus, and the criterion of vertical cardiac position 
is met, it suggests a reversed ductus and implies a high VWLR. 


TABLE VII. PATENT Ductus ARTERIOSUS 


| | | | | 
PATIENT | AGE | AVr Vi | Vi | RVWI/LVWI | REMARKS 


Right-to-Left Shunt 


O.M. 2 yr. + + Rs 3.00 
S.E. 11 wk. + + qR 2.76 
D.B. 21 mo. - RS 1.95 RV,+ LVH 
Cz 13 yr. + + qgR 1.55 
L.D. 4 yr. - - rS 1.20 ILBBB 
M.O. 35 yr. IRBBB 1.17 
11 mo. Rs 0.88 
Left-to-Right Shunt 
S.R 10 yr. - + RS 0.54 RV,+ LVH 
C.B 11 yr. = = IRBBB 0.45 RV,+ LVH 
D.J 9 mo. = - IRBBB 0.38 RV,+ LVH 
J.I 9 yr. - rS 0.31 RV,+ LVH 
R.N 29 yr. rS 0.31 LVH 
R.F 2 yr. RS 0.29 RV,.+ LVH 
J.H 22 yr. _ - rs 0.29 ILBBB 
¢ 6 yr. qs 0.25 WPWS 
S.M. 4 mo. IRBBB 0.24 RV,+ LVH 
M.D. 18 yr. rS 0.21 RV,+ LVH 
TABLE VIII. Cor PULMONALE 
AGE 
PATIENT (YEARS) AVr V1 Vi RVWI/LVWI 
L.B. 58 + - rS 1.03 
R.B. 49 + + IRBBB 0.79 
A.K. 47 + + qgR 0.71 
E.]. 53 + + IRBBB 0.70 
O.B. 31 + _ IRBBB 0.61 
E.P. 53 IRBBB 0.46 
D.W. 57 _ + qR 0.44 
H.B. 34 IRBBB 0.42 
38 | + + IRBBB 0.40* 


*Low cardiac index at rest. Exercise cardiac output not done. 
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Fig. 12 reveals a tall, late R-AVr with a slurred R wave in V;, and a reversal 
in the VWLR, implying gross right ventricular preponderance. 

Miscellaneous.—Contrary to previous reports concerning the frequency of 
right ventricular preponderance in mitral stenosis, the present data revealed 
that VWLR’s above 0.60 were present in only 10 of the 32 patients. Morris 


Fig. 13.—A.M., age 26 years. Hemodynamically severe mitral stenosis with a predominant late 
R-AVr wave and an IRBBBin V;. RV = 120/0; PA wedge = 31 mm. Hg; C.I. = 2.8 L.: RVWI = 3.0 
Kg./min./M.2; LVWI = 3.2 Kg./min./M.*. At autopsy, the RV measured 7 mm., the LV, 16 mm, 
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Fig. 14.—The predominant late R-AVr pattern is seen in 2 patients with gross RV hypertension 
and high VWLR’'s. An IRBBB and apparent qR patterns are seen in V;, respectively. A, E.J., age 
53 years; chronic cor pulmonale. RV = 74/4.0 mm. Hg; PA mean = 53 mm. Hg; VWLR = 0.70. B, 
A.K., age 47 years: chronic cor pulmonale. RV = 117/11.0 mm. Hg; PA mean = 69 mm. Hg; 
VWLR = 0.71. 
and Whitaker®® have recently suggested that perhaps the electrocardiographic 
identification of RVP was due to inadequate criteria of abnormality. It appears 
rather, from the hemodynamic standpoint, that one does not commonly encounter 
extreme degrees of RVP in mitral stenosis. 

Lead AVr was positive in 6 of 7 patients having a VWLR above 0.67, with 
only scattered instances of positive AVr patterns below this value. Whereas 
rsR patterns were frequently observed in the right precordial leads, they were 
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often diminutive in amplitude, measuring only 3 to 4 mm. In general, the cor- 
relation of the QRS patterns of AVr and V; was quite uniform. IRBBB and 
apparent pure R-wave patterns were the rule in the right precordial leads with 
high VWLR’s. 

Fig. 13 is an example of hemodynamically severe mitral stenosis. Note the 
tall, late R-AVr wave and a VWLR approaching 1.0. Once again the presence 
of a tall, late R-AVr pattern in the presence of known mitral stenosis suggests 
a severe degree of valvular narrowing and a high VWLR. 

The findings on 9 patients with clinically established chronic cor pulmonale 
are presented in Table VIII. The 5 patients who had a VWLR above 0.61 
showed the tall, late R-AVr pattern. Here, too, the presence of a tall, late R-AVr 
wave in a patient with known chronic cor pulmonale suggests a gross increase in 
pulmonary artery pressure and a high VWLR. Fig. 14 is representative of this 
entity. It is not implied that all patients with chronic cor pulmonale should 
exhibit RVP, for the current data were compiled on patients with extremely 
severe respiratory insufficiency. 

Also included in the miscellaneous category were 3 instances of A-V com- 
munis, 4 patients with aorticocardiac fistulae due to rupture of an aortic sinus 
aneurysm, 2 instances of VSD with coarctation of the aorta, 2 infants with trans- 
position of the great vessels, one cor-triatriatum and one Ebstein’s anomaly. 
They will not be discussed separately because of their limited number and fairly 
wide scatter of hemodynamic data. Without exception, however, AVr revealed 
a tall, late R wave when the VWLR exceeded 0.67. 


DISCUSSION 
General Remarks.—As one reflects on the composite data of this study, it is 
apparent that there is no single electrocardiographic lead which unfailingly 
inscribes existing right ventricular preponderance. However, through the analysis 
of the 3 semidirect leads, V;R or V;, AVr, and VE, the detection of RVP will 
be missed only rarely. 

It is not the purpose of this paper to statistically compare the value of one 
electrocardiographic lead with another, but rather to correlate the various right 
precordial unipolar patterns with the semiquantitative hemodynamic data of 
cardiac catheterization. It should be stressed that the right and left ventricular 
work indices are merely expressions of calculated hemodynamic data, and as 
such are subject to variation depending on the magnitude of the calculated intra- 
cardiac shunt. Thus, an elevated VWLR is only an assumption of anatomic 
right ventricular hypertrophy and should not be held as an absolute value. Con- 
trary to the report of Cosby and associates,'®** we found no close correlation 
between the right precordial electrocardiographic pattern and the right ventricular 
work index per se, but rather a strong correlation with the ventricular workload 
ratio (RVWI/LVWI1), which appears to be a more realistic expression of ventricu- 
lar work. Likewise, there was no consistent correlation of any given right pre- 
cordial pattern (whether presenting as an apparent pure R wave, a qR complex, 
or an rsR’ pattern) with the observed VWLR, existing RV pressure, or the RVWI 
itself. The configuration of Lead AVr, on the other hand, appeared to bring 
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the 2 factors of the observed right precordial pattern and the VWLR together. 
The predominant late R-AVr pattern in the presence of a vertically placed heart, 
regardless of the QRS complex configuration in the right precordial leads, con- 
sistently forecasted an appreciable increase in the ventricular workload ratio. 
The critical level of the VWLR and the R-AVr pattern appears to be between 
0.60 and 0.70. Of 100 patients in the present series with a VWLR of 0.60 or 
greater, there were 22 in whom AVr failed to show a tall, late R wave. In 6 
instances there was electrocardiographic evidence of either an LBBB or LVP, 
both of which would negate the extreme right precordial potential and, thus, 
the AVr pattern. In 4 others the RV pressures were normal, yet an elevated 
VWLR was calculated on the basis of a large L-to-R shunt at the atrial level. 
Two patients exhibited a CRBBB with only a time delay in the inscription of 
the late R-AVr wave. 

At a VWLR of 0.70 or greater, AVr failed to reveal a tall, late R wave in 11 
of 94 instances. Three of these patients had electrocardiographic evidence of 
CLBBB, ILBBB, and LVP, respectively. Two had a high calculated L-to-R 
shunt at the atrial level with normal RV pressures, and 1 had a CRBBB pattern, 
with only the time delay in inscription of the R-AVr wave. Again, all 3 of these 
categories seemingly negate the significance of the R-AVr pattern. 

It is not meant that AVr is invariably diagnostic when the VWLR exceeds 
the apparent critical level of 0.60 to 0.70, for there is a rather select group of 
patients who have considerable pulmonary hypertension at catheterization, but 
nevertheless have an essentially normal cardiovascular silhouette on x-ray. It 
appears that, in these, the right ventricular potential is directed downward and 
to the right, being expressed maximally in Lead VE or in subprime right precordial 
exploratory leads. This has been particularly observed in 3 patients with in- 
fundibular pulmonic stenosis, and in isolated instances of Eisenmenger’s complex 
and pulmonic stenosis with ASD. In serveral patients with a CRBBB, AVr 
showed only a time delay in inscription of the late R wave, as previously men- 
tioned. The identification of a left ventricular potential (qRs) with or without 
a delay in ventricular activation time, albeit a broad S wave over the left ventricle, 
is of considerable help in identifying the CRBBB as an expression of left rather 
that right ventricular disease. 

Although Myers and co-workers’ previously found inconsistent results 
utilizing the tall, late R-AVr pattern in the detection of RVP, the false-positive 
results disappear if one qualifies their original opinion by requiring the presence 
of vertical cardiac position. 

Origin of the Tall R-A Vr Pattern—There is considerable disagreement con- 
cerning the origin of the tall, late R-AVr pattern. Goldberger,*® Kossmann and 
associates,*! and others’ felt that the tall, late R-AVr pattern arose from the 
left ventricular potential of a posteriorly displaced ventricle. This opinion ap- 
pears to be tenable only in the horizontally positioned heart, at least in the present 
study. In the vertical heart, the tall, late R-AVr pattern clearly arises from the 
R’ wave of the IRBBB seen in the right precordial leads. Adequate exploratory 
leads over the right upper anterior thorax are necessary for this identification. 
The findings of Morris and Whitaker** and Fitzpatrick* showed that when simul- 
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taneous electrocardiographic tracings were made, the late R wave in AVr was 
synchronous in time with the R’ wave of the right precordial leads, and occurred 
later than the peak of the R wave of left ventricular depolarization. This cor- 
roborates our belief that the late R-AVr pattern represents the late, final electro- 
motive potential of a thickened right ventricular muscle. The exact origin of 
this late R wave remains undetermined. In general, it is believed to arise from 
the crista supraventricularis muscle bundle of the right ventricle. 

In recent years, 2 completely contradictory papers have appeared con- 
cerning the genesis of the tall, right precordial R waves in patients with congenital 
heart disease. Carouso and associates,** by direct epicardial pickup, found that 
the right ventricular surface exhibited a tall, late R-wave pattern in 3 patients 
with tetralogy of Fallot (all having positive AVr patterns). McGregor,*®” how- 
ever, found apparent rS patterns from the right ventricle in 10 patients with 
tetralogy of Fallot. He did not have access to the free wall of the right ventricle 
and placed an insulated wire tip blindly through a pericardial slit from a left- 
sided thoracotomy incision. This approach leaves much to be desired. He 
thought that the qR pattern found in the right precordial leads of patients with 
assumed RVH actually arose from the left ventricle. Myers®® has suggested 
that the trabecular portion of the right ventricle (apex and free wall) does not 
give rise to the tall R wave in instances of RVH, favoring the crista supraventricu- 
laris as its origin. Sodi-Pallares and Calder*® incriminate the basal portion of 
the high interventricular septum. These observations may well explain the 
seemingly contradictory results of McGregor, for he may have made his recordings 
over the apex or free wall of the right ventricle where an rS complex is still 
compatible with RVH. Certainly, further study with direct epicardial leads in 
proved instances of RVH will be necessary to clarify this problem. 

The present data are also in full agreement with those of Morris and 
Whitaker®® and Myers,”° who believed that the qR pattern and the pure R pat- 
tern seen in the right ventricular leads may, in fact, be expressions of an IRBBB, 
where the initial septal r wave is either lost in the preceding isoelectric line, in 
instances of the qR pattern, or is fused on the ascending limb of the apparent 
pure R-wave pattern. When sufficient exploratory leads are taken from the right 
precordium, i.e., V;R and V,R, in both prime and subprime positions, it has 
been observed consistently that the initial septal r wave of the rsR’ pattern can 
be detected. This is well shown in Fig. 15. It is tempting to surmise that variants 
of an IRBBB are, in fact, responsible for both the qR pattern and the pure R- 
wave pattern seen with right ventricular preponderance. This supposition does 
not negate the findings of Levine and associates,** Kossmann and co-workers,*’ 
and Fowler and colleagues,*® in which, in certain normal individuals, as well as 
in those with known right ventricular hypertrophy, right intraventricular cavi- 
tary potential revealed an initial q wave, apparently due to right-to-left septal 
depolarization. The infrequent occurrence of this electromotive phenomena in 
their data, however, would hardly explain the frequent occurrence of the apparent 
qR patterns seen in patients with right ventricular preponderance. The implied 
septal hypertrophy present with free right ventricular wall hypertrophy conceiv- 
ably could alter the septal depolarization pathway, as suggested by Fowler and 
Helm.*® 
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The Concept of the Incomplete RBBB.—The entire concept of the RBBB 
requires fresh examination, particularly in regard to the problem of the incom- 
plete RBBB pattern. In several often-quoted papers*:*-*° on the electrocardio- 
graphic criteria for right ventricular hypertrophy, the IRBBB patterns were 
actually excluded from the study. The importance of the IRBBB in the recogni- 
tion of RVP cannot be denied, for 71 of the 94 patients in the present study who 
had a VWLR of 0.70 or greater, which implies RVP, demonstrated such a pattern. 
In general, the IRBBB exhibiting a tall R’ component of 10 mm. or more has 
been held as an expression of right ventricular hypertrophy, thereby implying 
a complicated IRBBB.*!. However, Booth and co-workers*! and Myers’ have 
compiled autopsy controlled data which show that both the CRBBB pattern 
and the IRBBB exhibiting a tall R’ wave are frequently associated with under- 
lying left ventricular disease. Our findings likewise have shown that some 
patients having an IRBBB with a tall R’ wave of 10 mm. or more were actually 
found to have low VWLR’s, and by inference, left ventricular preponderance. 
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Fig. 15.—Valvular pulmonic stenosis. Note the evolution of the rsR’ in V4R to RsR’ in V3;R, 
whereas V; shows an apparent pure R wave. RV = 110/10 mm. Hg; PA = 22/10 mm. Hg; RVWI = 
1.63; LVWI = 1.46. 


These findings seemingly refute the time-honored implication of an IRBBB pat- 
tern having a tall R’ component. Barber, Magidson and Wood? felt that the 
frequent occurrence of CRBBB and IRBBB patterns in atrial septal defects did 
not necessarily imply anatomic hypertrophy, but that ventricular dilatation alone 
might be responsible. Of their 62 cases of ASD, 95 per cent had a right bundle 
branch block pattern and 38 of the 62 had an IRBBB. 

From the present study, 4 electrocardiographic findings appear to suggest 
a complicated IRBBB: (1) a predominant, late R-AVr pattern in a vertically 
placed heart, (2) a qrS complex in the left ventricular leads, (3) an R’ wave of 
10 mm. or greater, and (4) a time delay in the R’-wave inscription of 0.03 second 
or more of the IRBBB pattern, particularly in adults. Conversely, the finding of 
a normal AVr pattern and left ventricular pattern (qRs) suggests a benign 
IRBBB. 

The hypothesis of Sodi-Pallares and Marsico* and Cabrera and Monroy” 
that the IRBBB pattern is an expression of diastolic overloading of the right 
ventricle does not bear scrutiny, since this pattern occurs as often in circumstances 
where anatomic and hemodynamic evidence would favor systolic overload. 
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Camerini and Davies,” noting the frequency of RSR’ patterns in normal infants 
and children, state that these patterns should merely be labeled as RSR’ or RSR’S’ 
complexes, and not described as “probable benign incomplete right bundle branch 
block patterns.’’ This avoids any undue implications. Our unpublished data 
on normal infants and children support this statement.” 


Ventricular Activation Time.—Myers”® has stressed the importance of a 
delay in activation time of the R’ wave in depicting the presence of a complicated 
IRBBB. He lists a value of 0.030 second or more (measured from the nadir of 
the preceding deflection to the apex of the R’ wave) as suggesting a complicated 
IRBBB. In general, this has been found to be quite applicable in adults, usually 
reflecting a high VWLR. It does, however, have its limitations in infants and 
young children in whom the activation time of the R’ component may be only 
0.02 second, but, nonetheless, be associated with established RVP. 


Ziegler® found the normal activation time over the right ventricle of 300 
normal infants and children to average 0.018 second at birth and 0.014 second 
by the age of 12 years. Unfortunately, he included a large number of RSR’ 
patterns in his series. In these, he measured the ventricular activation time from 
the isoelectric line to the apex of the R’ wave. This served only to increase the 
normal value, and gave a rather wide range of values. No measurements were 
made of the activation time of the R’ wave alone. In unpublished data, we 
have found the activation time of the R’ wave of the RSR’ patterns of normal 
infants and children to fall within a rather narrow range. These data will appear 
in a subsequent publication.” 


The Electrocardiographic Features of the Newborn.—The electrocardiogram of 
the newborn merits discussion at this point for it mimics many of the established 
electrocardiographic criteria for RVP in that pure R waves or tall R’ components 
are the rule in the right precordial leads. AVr likewise shows a relatively pre- 
dominant late R wave, although the entire QRS complex in AVr is diminutive, 
i.e., 3 to5 mm. in amplitude. This configuration of the QRS in Lead AVr disap- 
pears by the age of 6 to 8 weeks, although the predominant R wave in the right 
precordial leads usually persists for several years.” Thus, the reappearance of 
a predominant R-AVr pattern in an infant or young child is stronger evidence 
of RVP than the presence of a predominant R wave or an R’ wave of 10 mm. or 
more in the right precordial leads, which may actually be a normal variant. 


The tendency to establish right ventricular preponderance on the basis of 
the various R/S ratios found in the right precordial leads is thought to be one of 
the major pitfalls in the electrocardiographic analysis. This is particularly true 
of those who fail to consider the various ventricular activation times over the 
right ventricular mass. The criteria of Sokolow and Lyon,® although so all- 
encompassing that right ventricular preponderance will rarely be missed, fre- 
quently give rise to false-positive results. Walker, Helm and Scott*®“* found 
that the criteria of Sokolow were statistically more secure than those of either 
Myers or Barker. Their sample, however, included autopsy material in which 
the right ventricular thickness was in many instances only 4 to 5 mm., and rarely 
exceeded 6 mm.; this hardly denotes significant right ventricular hypertrophy. 
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One needs only to project to normal infants and children the various criteria for 
right ventricular preponderance based on the right precordial R/S ratios in order 
to show the true discrepancies of these criteria. 

Combined Ventricular Preponderance.—The electrocardiographic impression 
of CVP appears almost exclusively to be found in ventricular septal defect and 
in patients with reversed patent ductus arteriosus. From the present study, 
this pattern consists in a delay of ventricular activation time over the left ven- 
tricular leads, the presence of an incomplete right bundle branch block in the 
right precordial leads, and a Q/R ratio of unity or less in Lead AVr. These cri- 
teria for CVP echo the findings in a recent study by Marquis.?”_ The literature 
is replete with alleged instances of combined ventricular hypertrophy. Rather, 
it is believed that this pattern is frequently indetectable and that the electro- 
cardiographic diagnosis is rarely made with certainty. Levine and Phillips® 
and Marsico and associates** support this statment, the former by autopsy data. 

Spatial Vectorcardiography and Right Ventricular Preponderance.—The 
spatial vectorcardiogram is alleged to be superior to the electrocardiogram in 
differentiating the apparently benign from the complicated IRBBB patterns.‘7-*° 
Analysis of these data, however, suggests that false-negative results do occur, 
and the application of this method remains limited. Braunwald and co-workers,*® 
on the basis of VCG study, have recently stated that perhaps the complicated 
IRBBB pattern is not a conduction defect at all, but rather an expression of 
right ventricular hypertrophy. Further analysis of VCG in proved instances of 
anatomic hypertrophy may well offer valuable information. 


SUMMARY AND CONCLUSIONS 


1. The presence of a tall, predominant, late R wave in Lead AVr, with 
vertical cardiac position, is felt to be an expression of right ventricular preponder- 
ance, and forecasts the presence of a high VWLR. 

2. The ventricular workload ratio (RVWI/LVWI1) appears to have applica- 
tion in the analysis of electrocardiographic findings with calculated hemodynamic 
data. 

3. The complicated IRBBB patterns (i.e., coexisting RVP) is the most 
common electrocardiographic finding in patients with congenital heart disease 
and presumed anatomic right ventricular hypertrophy. 

4. Although exceptions do exist, the apparent pure R wave and the qR 
pattern, as seen in the right precordial leads, are often expressions of IRBBB 
patterns. This is documented by the presence of a rsR’ complex in exploratory 
right precordial leads. 

5. The concept of systolic and diastolic overloading of the right ventricle 
is believed not to result in a type specific of right precordial QRS complex. 

6. The combination of 3 electrocardiographic leads, a right precordial 
V;R or V;, plus AVr and VE, will rarely fail to document hemodynamic or ana- 
tomic RVH. Exceptions occur in the presence of an ILBBB, a CLBBB, or LVP, 
inasmuch as these 3 patterns tend to negate the RV potential. The CRBBB 
pattern has resulted in only a time delay in the inscription of the late R wave in 
AVr in several instances where a high VWLR was observed. 
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7. The typical electrocardiographic findings in a complicated IRBBB are 
those of (1) a predominant, late R wave in AVr, (2) a qrS complex over the left 
precordial leads, (3) an R’ wave of 10 mm. or greater, and (4) a delay in activa- 
tion time of the R’ wave of the IRBBB (variable with age grouping, but usually 
0.025 second or more for adults). 

8. Combined ventricular preponderance is suggested by the presence of an 
IRBBB in the right precordial leads, a delay in ventricular activation time of 
the left ventricular R wave, and a Q/R ratio approaching unity in AVr. 

9. The adult electrocardiographic criteria for RVP, based on various R/S 
ratios in the right precordial leads, are misleading, particularly if they are applied 
to infants and young children. 

10. The finding of a predominant, late R wave in AVr, provided that the 
heart is in vertical cardiac position, is a reliable index of right ventricular pre- 
ponderance. This sign is applicable to infants, children, and adults. 


The authors wish to express their deep appreciation to Doctors G. M. Maxwell and J. K. 
Curtis for their helpful criticism and encouragement in the preparation of this manuscript. The 
technical assistance of Miss Mary Kahn, and the secretarial assistance of Mrs. Janet Lloyd is 
also acknowledged. Photographic reproductions were done by the Department of Medical Illus- 
tration, University Hospitals, and Veterans Administration Hospital, Madison, Wis. 


ADDENDUM 

Since completion of the foregoing report, 53 additional patients with congenital heart disease 
have been studied via cardiac catheterization and electrocardiographic survey. Included in this 
group were the following: ventricular septal defect—18; isolated pulmonic stenosis—10; auricular 
septal defect—8; patent ductus arteriosus—5; auricular and ventricular septal defect—4; 
anomalous pulmonary vein—2; A-V communis—2; pulmonic stenosis and auricular septal 
defect—2; Eisenmenger’s complex—1; and tetralogy of Fallot—1. 

Regardless of the diagnostic grouping, there were 20 instances in which the VWLR was 
greater than 0.60, thereby implying right ventricular overload. AVr revealed the tall, late R 
wave with vertical cardiac position in 14 of these cases. The exceptions were 4 instances of as- 
sociated left ventricular preponderance, 1 incomplete left bundle branch block, and 1 complete 
right bundle branch block, all of which seemingly negate the electromotive potential subtended 
to Lead AVr. 

Of special interest, the electrocardiogram was interpreted as diagnostic of left ventricular 
preponderance in 6 of the 18 patients with ventricular septal defect, all 6 having extremely low 
calculated VWLR’s, i.e., 0.12 to 0.20. There were 5 additional patients with ventricular septal 
defects having borderline abnormal delay in ventricular activation time over the left ventricle. 

Four examples of combined ventricular preponderance were documented: 2 were seen in 
ventricular septal defects and 1 each in an A-V communis and a patent ductus. In all instances 
there was evidence of right ventricular hypertension above 71 mm. Hg systolic. 

There was a single patient with a reversed patent ductus arteriosus. Lead AVr revealed 
the presence of the tall, late R wave, suggesting the probability of such a hemodynamic situation. 

An incomplete right bundle branch block pattern held as diagnostic of RVP was found in 14 
of the 20 patients with a VWLR above 0.60. The remaining 6 patients revealed an apparent 
pure R wave in 3, a qR pattern in 2, and a complete right bundle branch block in 1 patient. 

Incomplete right bundle branch block patterns entirely similar to those associated with RVP, 
i.e., an R’ wave greater than 10 mm. Hg, were seen in ventricular septal defects and auricular 
septal defects having normal right ventricular pressures and normal VWLR’s. Lead AVr, on 
the other hand, by failing to show the tall, late R-wave pattern, clearly established the presence 
of an uncomplicated incomplete right bundle branch block pattern. 

Dirct epicardial electrocardiographic exploration of the right ventricle in 2 patients with 
valvular pulmonic stenosis revealed the origin of the incomplete right bundle branch block to 
arise from the base of the right ventricular outflow tract and not from the trabecular portion of 
the right ventricle. 
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The Transbronchial Measurement of Left Atrial 


Pressures in Mitral Stenosis and Insufficiency 


Morris Rubin, M.D., and Shantilal Shah, M.D., New York, N. Y. 


In patients with rheumatic heart disease it has been a current practice to 
utilize cardiac catheterization preoperatively or direct needle puncture of the 
heart at the time of operation in order to obtain information concerning the nature 
of the valvular deformity. Useful data may be derived from these methods, yet 
both have their limitations. Cardiac catheterization may be performed in the 
resting, unanesthetized patient but the measurements are limited to the right 
heart and lesser circulation. The “wedge pressure” obtained by blocking the 
catheter into a small branch of the pulmonary artery is believed to represent left 
atrial pressure. Such pressure, however, may not be obtainable and may even 
yield false values. On the other hand, direct needle puncture of the heart at the 
time of operation may give misleading data because of physiologic changes re- 
sulting from general anesthesia and the open thorax. 

Several methods have been developed recently for measuring direct left 
atrial pressures in the intact chest. Facquet!:? and Allison and Linden* punctured 
the left atrium through one of the major bronchi with a specially devised needle, 
under bronchoscopic visualization. With this technique, Allison and Linden 
have succeeded also in obtaining pressure tracings from the pulmonary artery 
and aorta.*’ Epps and Adler® used a similar technique to compare left atrial and 
pulmonary artery wedge pressures. More recently, Hutchison, Lawrie and Thom- 
son® performed transbronchial left atrial puncture in 65 cases with no serious 
complications. Another method has been developed by Bjérk and associates.’:* 
A special needle is inserted through a posterior intercostal space along the right 
side of the spinal column into the left atrium. By passing a polyethylene tube 
through the needle, Bjérk succeeded in entering the left ventricle and aorta. 
A third method, described by Radner,*!® consists in passing a needle into the 
left atrium by way of the suprasternal notch along the plane between the trachea 
and great vessels. This technique was employed by him in 49 patients, with no 
complications. 
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In this country, Kent and associates," utilizing the percutaneous technique, 
studied the usefulness of direct atrial pressure measurements in estimating the 
severity of mitral regurgitation. In a more recent report, these investigators 
presented their findings in 58 patients in whom the study was extended to in- 
clude the aortic valve.” Kent and associates found the pressure tracings of value 
in the preoperative diagnosis of valvular lesions of the heart. The transthoracic 
method with modifications has been employed also by others.'*-!7 According to 
the published reports, the transthoracic method has been associated with a higher 
mortality and morbidity than the transbronchial method.":18 


Since it is possible to measure by left atrial puncture the pressure in the 
immediate vicinity of the mitral valve, this method lends itself to the evaluation 
of patients for mitral valvular surgery. In the present study we will report our 
experience utilizing the transbronchoscopic method of obtaining left atrial pres- 
sures and pulse tracings in 62 patients. This method was adopted because of 
its simplicity and relative safety. Another advantage of this method lies in the 
fact that the direction which the needle takes, with respect to the mitral valve, 
permits the passing of a fine catheter directly towards the valve. 


TECHNIQUE 


A 40 cm., No. 18 gauge, re-enforced thin-wall needle* is employed. Its bore is such as to 
permit the passage of a polyethylene catheter (Fig. 1). A two-way stopcock at the proximal end 
of the catheter permits irrigation of the needle with heparinized G/W solution and, if desired, 
aspiration of samples of blood from the left atrium without disturbing the pressure system to the 
recording apparatus. A 35 cm. bronchoscope is used since it is necessary to visualize only the 
carina and proximal portions of the major bronchi. 


Fig. 1.—The needle used to puncture the left atrium. (See text for details.) 


The patient is bronchoscoped in the usual manner under topical anesthesia with a mixture of 
10 per cent cocaine hydrochloride and 2 per cent Pontocaine. Premedication consists of a barbitu- 
rate and meperidine hydrochloride (Demerol). Atropine sulphate is not administered because of 
the tendency of the drug to accelerate the pulse rate. The site of puncture is the anteromedial 
wall of the left main bronchus within a centimeter of the carina. As the bronchus is punctured, 
heparinized saline is injected with a syringe attached to the side channel of the stopcock in order 
to avoid blocking the needle with tissue. It is necessary to insert the needle a distance of 3 to 4 
cm. before the left atrium is entered, as indicated by a sudden “‘give” of the needle. 

The pressure tracings are recorded by a multichannel oscilloscopic electromanometer through 
a Statham strain-gauge pressure transducer. The zero reference point is the assumed level of the 
left atrium measured 10 cm. from the back of the patient. A simultaneous electrocardiogram and, 
in recent observations, a phonocardiogram and carotid artery tracing are obtained. We have 
found the phonocardiogram superior to the electrocardiogram in timing the c and v waves with 


*Made by Becton, Dickinson & Company, Rutherford, N. J. 
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reference to the opening and closure of the mitral valve. The pressure tracings are recorded during 
quiet respiration and in mid-respiratory pauses. The speeds utilized in the paper tracings are 
10 and 25 mm. per second; the latter being particularly useful in spreading the various components 
of the curve, thereby permitting a more detailed analysis of the tracing. 


COMPLICATIONS 


Transbronchoscopic puncture of the left atrium was performed 64 times in 62 patients. 
Fifty-six of the patients had rheumatic heart disease. In the initial trials the left atrial puncture 
was done in the operating room after the induction of the anesthesia, immediately prior to intra- 
tracheal intubation for cardiac surgery. After the safety of the method was established, pressure 
determinations were made under topical anesthesia in the catheterization laboratory. No major 
complications were encountered as a result of bleeding or infection due to the needle puncture 
through the bronchial wall. 

Occasionally, the patient’s sputum was found to be blood tinged immediately after the pro- 
cedure. Xanthochromic discoloration of the pericardial fluid was noted in 6 of the patients oper- 
ated on who had been studied a few days prior to surgery. Bloody fluid, which did not appear 
abnormal in amount, was encountered in 2 patients. One patient with severe mitral insufficiency 
developed pulmonary edema precipitated by tachycardia following the procedure, but she recov- 
ered. Fatal ventricular fibrillation occurred in 1 patient following topical anesthesia of the tra- 
cheobronchial mucosa. The patient had been known to have had paroxysmal cardiac arrhythmias 
associated with syncope. Immediate thoracotomy and electrical defibrillation of the heart recon- 
verted the rhythm to ventricular tachycardia. The tachycardia could not be treated effectively 
and the patient expired a few hours later. 

Peripheral embolization occurred in a 45-year-old white man who had had a history of rheu- 
matic heart disease since 1928. The patient had been fibrillating for many years and was receiving 
digitalis. At one time the patient had had hematuria which was ascribed to renal infarction. The 
patient was hospitalized for evaluation for mitral surgery because of increasing dyspnea on exer- 
tion. When the needle was inserted into the left atrium, a damped tracing was obtained. The 
needle was then inserted at another point in the left main bronchus and a satisfactory tracing was 
recorded. Three days later the patient complained of pain in the left lower extremity and was 
found to have an occlusion of the femoral artery. An embolus was removed from the common 
femoral artery at the site of bifurcation into the superficial and deep branches, with complete 
restoration of circulation to the extremity. It was suspected that the needle may have dislodged 
a portion of a clot in the left atrium. Several months later the patient had another episode of 
embolization, which undoubtedly had its origin from the clot in the left atrium and which obviously 
could not be ascribed to atrial puncture. 


THE LEFT ATRIAL PRESSURE TRACING 


For orientation purposes, the following is the accepted interpretation of the normal left atrial 
tracings and the changes produced by rheumatic mitral disease. The normal left atrial pressure 
tracing consists of 3 components with an upward displacement indicating pressure rise, convention- 
ally designated, a, c, and v waves of the central venous pulse. These components are clearly shown 
in Fig. 2, taken on a patient with mitral stenosis. The a wave is associated with atrial systole. 
It is noted immediately after the onset of the P wave in the electrocardiogram and begins to fall 
within the P-R interval. The a wave precedes the first heart sounds on the phonocardiogram, 
It is absent in atrial fibrillation. 

With the onset of isometric contraction of the left ventricle, the rise in intraventricular pres- 
sure closes the mitral valve. The sharp upstroke of the c wave coincides with this phase of ven- 
tricular systole and probably reflects the bulging of the closed mitral valve into the atrium. With 
the opening of the aortic valve and the beginning of the ejection phase, a sharp fall in the c wave 
is noted. The apex of the c wave, preceded by the QRS complex of the electrocardiogram, coin- 
cides with the first heart sound in the phonocardiogram. 


RUBIN AND SHAH fee 


The ascending limb of the v wave represents rising atrial pressure due to venous filling from 
the pulmonary veins while the mitral valve is closed, the apex of the wave corresponding with the 
opening of the mitral valve. The descending limb of the v wave represents the fall in left atrial 
pressure as blood flows into the left ventricle. The apex of the v wave foilows the T wave of the 
ECG and is timed with the second heart sound in the phonocardiogram. It is important to note 
that the onset of the v wave begins in late systole. Kent and co-workers" found the normal mean 
pressure in the left atrium to vary between 3 and 9 mm. Hg, the a wave having an amplitude of 
0 to 3 mm., the c and v waves less than 5 mm. 


mm. Ha. 


Fig. 2.—Preoperative transbronchial left atrial pressure tracing in a 39-year-old woman with mitral 
stenosis and regular sinus rhythm. Mean pressure: 27 mm. Hg. The a, c, and v waves are clearly 
defined. At operation the mitral orifice was reduced to a fine slit. 
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Fig. 3.—Simultaneous transbronchial left atrial pressure tracing (top) and electrocardiogram (bottom) 
in a 30-year-old woman with mitral stenosis and regular sinus rhythm. Mean pressure: 30 mm. Hg. 
The a wave is incorporated in the ascending limb of the c wave. The v wave is of equal height to the 
c wave. A tight mitral was found at operation. 


Basically, the altered dynamics produced by mitral stenosis are those of increased pressure 
in the left atrium. This is reflected in the pulse tracing by an elevation of the systolic and diastolic 
pressures to a higher plateau. In the presence of regular sinus rhythm these may be the only 
changes noted. Thea wave of atrial systole may be prominent in mitral stenosis, reflecting the 
increased atrial pressure required to force blood into the left ventricle. Often the a wave falls 
on the ascending limb of the c wave (Fig. 3). Blunted a and v waves often stand out in contrast to 
the abrupt and spiked c wave. Usually the v wave is preceded by a sharp downward deflection of 
the c wave to the base line (x descent). The descent of the c wave to the base line is considered 
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by some to be important in ruling out mitral regurgitation. As a result of the obstruction at the 
mitral orifice, the .escent of the v wave is prolonged (y descent). ‘The slope of the y descent has 
been utilized by Owen and Wood** to help differentiate stenosis from insufficiency. According to 
Kent and co-workers," the v wave in predominant mitral stenosis should not exceed the height of 
the c wave by more than 5 mm. Hg. 

Typical pressure tracings of predominant mitral stenosis with regular sinus rhythm are 
shown in Figs. 2 and 3. Tight mitral valves were encountered at operation in both cases. A pres- 
sure tracing of predominant mitral stenosis with atrial fibrillation is shown in Fig. 4. The atrial 
a wave is absent and each cycle consists of the c and v waves. The c wave is well defined and is 
synchronous in the tracing with the first heart sound of the phonocardiogram. The v wave in 
this tracing is lower than the c wave, coinciding with the second heart sound. The additional 
small waves noted in the tracing are probably artefacts. 

A different pulse-wave pattern is encountered in patients with significant mitral insufficiency. 
Valvular incompetency is indicated by an elevated c wave and particularly by a steep and elevated 
v wave, well above the c wave. The negative deflection between the c and v waves is, as a rule, 


- 


Fig. 4.—Pressure curve of mitral stenosis in a patient with auricular fibrillation. The sharp c wave 
is followed by a v wave of lower amplitude. The relationship of the c and v waves to the first and second 
heart sounds are well shown. <A, Transbronchial left atrial pressure. B, Phonocardiogram. C, Electro- 


cardiogram. 
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Fig. 5.—Transbronchial left atrial pressure tracing (A) and simultaneous electrocardiogram (B) in 
a 49-year-old woman with mitral insufficiency, as indicated by the high v waves. Mean atrial pressure: 
35 mm. Hg. 
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absent, both becoming pzrt of one wave complex. There is now present a sharp descent of the 
v wave. The point bears emphasis since this v wave in mitral regurgitation begins earlier in 
systole than the physiologic v wave and perhaps should not be designated as such; it might be 
more appropriate to designate this wave in mitral regurgitation as the r wave. 


Fig. 6.—Simultaneous transbronchial left atrial pressure tracing (top) and electrocardiogram (bottom) 
in a 35-year-old man with physical findings of mitral insufficiency with auricular fibrillation. Mean pres- 
sure: 29mm. Hg. The high c and v waves indicate a predominant mitral insufficiency. The influence 
of the duration of diastolic filling on the height of the v wave is shown (see text). 
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Fig. 7.—-Left atrial pressure tracings obtained (A) transbronchially and (B) at operation in a patient 
with auricular fibrillation. Mean atrial pressure (A) 28 mm. Hg. The tracings indicate predominant 
mitral insufficiency. Note similarity of atrial tracing in A and B. 
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An example of mitral insufficiency with regular sinus rhythm is shown in Fig. 5. A small a 
wave is present which precedes the QRS complex of the ECG. In this tracing the v or r wave 
is considerably higher than the c wave. Curves interpreted as predominant mitral insufficiency 
with auricular fibrillation are shown in Figs. 6 and 7. The v waves are markedly elevated in these 
tracings and there is a rapid decline of the v wave (y descent). It is of interest to note the relation- 
ship between the duration of diastole and the relative heights of the c and v waves. A prolonged 
diastolic phase is followed by a more pronounced elevation of the v wave because of enhanced 
filling of the left atrium with blood. Left atrial pressure tracings obtained during periods of tachy- 
cardia, therefore, may not reflect the full degree of valvular incompetency. 


RESULTS 


The following data are based on the tracings obtained from 42 of the 56 
patients with mitral valvular disease. The tracings in the remaining 14 patients 
were either unsatisfactory or postcommissurotomy studies and, therefore, not 
included. These tracings were studied with regard to the degree of mitral block, 
as determined from the pressures, and the nature of the mitral lesion, whether 
predominantly stenotic or incompetent, as judged from the contour of the trac- 
ings. 

A diagnosis of predominant mitral stenosis was made from the left atrial 
tracings in 19 patients, 14 of whom were treated surgically. Mitral stenosis, as 
evidenced by fused mitral cusps and a small mitral orifice, was noted in 13 of the 
14 cases. In the remaining case, mitral block was apparently caused by an un- 
usually large, calcified, and rigid anteromedial cusp which produced a crescentic, 
slit mitral orifice. In 5 of the cases a regurgitant jet of varying intensity was 
noted by the surgeon. In some of these the orifice was described as tear-drop 
in shape with the opening posteriorly located. In all of them the predominant 
anatomic lesion was mitral stenosis requiring valvulotomy. The jets did. not 
appear to change in intensity following opening of the mitral valve. Apparently 
these jets represented the reflux of blood during ventricular systole through the 
small orifice between the fused cusps. According to the criteria currently em- 
ployed in the interpretation of left atrial tracings, these jets which physiologically 
represent some degree of mitral regurgitation could not be detected from the 
tracings. It is important to note that small amounts of regurgitation associated 
with an anatomically stenotic valve do not necessarily represent clinical mitral 
valvular incompetency. 

There were 18 patients with left atrial pressure tracings compatible with 
predominant mitral insufficiency, all but 4 of which tracings were in patients 
with atrial fibrillation. Since surgery was performed in only 6 patients in this 
group, it has not been possible to corroborate the data with the findings at opera- 
tion in a sufficiently large number of cases. We were impressed with the number 
of patients in this group with atrial fibrillation, a relationship which has some 
bearing on the production of mitral regurgitation.!*° The clinical findings in 
these patients were those of mitral insufficiency. 

In correlating the operative with the physiologic data in cases of mitral 
insufficiency, the problem arose of quantitating the degree of insufficiency from 
the surgeon’s description of the intensity of the jet and the size of the mitral 


opening. In one patient a moderate regurgitant jet could be felt at the time of 
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surgery, associated with a sizeable slitlike opening between the valve cusps. In 
another, a strong regurgitant jet was encountered which increased as the anterior 
commissure was opened. Valvulotomy was not completed in this case for fear 
of producing an even more pronounced regurgitation. In a third case a large 
clot in the atrium precluded cardiotomy and exploration of the mitral valve. 


Tronsbronchial 


Left Atrial 

~~~ Artery Pressure 


Right Pulmonary 
LAA 


Fig. 8.—Left atrial pressure tracings obtained transbronchially at the time of right heart catheteri- 
zation. Mean left atrial pressure: 11mm. Hg. Mean pulmonary artery wedge pressure: 10 mm. Hg. 
Note the time lag between the a and v components of the atrial and pulmonary wedge tracings. The 
c wave occurs at the same time in both. Surgery was not recommended because of only slight elevation 
of pressures. 


Direct left atrial tracings obtained at the time of surgery were similar to those 
obtained traisbronchially and suggested predominant mitral insufficiency (Fig. 
7). The fourth patient, whose tracing is shown in Fig. 6, was operated upon at 
another hospital. A calcified valve with an orifice measuring 1.5 x 4 mm. was 
found associated with a strong regurgitant jet. A partial valvotomy was per- 
formed but the patient died 3 days after operation. In the fifth case mitral 
stenosis was found at operation although the left atrial tracings were interpreted 
as those of mitral insufficiency. This patient had the clinical findings of mitral 
stenosis with regular sinus rhythm. An atypical tracing was obtained which 
created some difficulty in interpretation. High v waves were present, preceding 
the second heart sound in the phonocardiograph by a significant time interval, 
something we had not encountered in any other tracing. In addition, there was 
a notch on the descent of the v wave which coincided with the second sound and 
which was considered by some as representing the v wave. Mitral stenosis was 
found at operation. In the sixth patient, also, a discrepancy was found between 
the tracing and the operative findings. A tracing of predominant mitral insuff- 
ciency was obtained but there was no left ventricular enlargement present. At 
operation a calcified valve with a slit orifice was found, but no jet was palpable. 

There was an additional group of 5 patients in whom only slight elevation 
of the intra-atrial pressure was found, indicating no significant mitral obstruction. 
Left atrial enlargement was not prominent in these cases. They were not con- 
sidered to have severe mitral obstruction and surgery was not recommended. 
The tracing from one of these patients who had simultaneous left atrial and right 
heart catheterization studies is shown in Fig. 8. Of interest in this tracing is the 
time lag of the a and v curves, both occurring later in the pulmonary artery wedge 
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curves. The c wave occurred simultaneously in both. It is suspected that the 
c wave, caused by the impact of blood against the mitral valve, is transmitted 
backward more rapidly than the a and v waves which result from contraction of 
the cardiac muscle. 

The mean left atrial and pulmonary artery and wedge pressures were an- 
alyzed in those patients who were submitted to both direct atrial pressure meas- 
urements and right heart catheterization. The data is shown in Table I. In 
Patients 4 and 7 both procedures were done simultaneously; in the others, the 
procedures were performed at varying time intervals. It is interesting to note 
that in spite of the fact that both procedures were not done at the same time and 
the patient may not have been in the same physiologic state, there was a reasonably 
close correlation between the resting mean wedge and left atrial pressures. The 
discrepancy in Patient 8 was felt to be due to damping of the pulmonary artery 
wedge tracings. 


TABLE I. COMPARISON OF LEFT ATRIAL AND PULMONARY ARTERY WEDGE PRESSURES 


CARDIAC CATHETERIZATION 
| PULMONARY | PULMONARY ARTERY PRESSURES (MM. Hg) 
MEAN LEFT | ARTERY 
PATIENT ATRIAL | WEDGE 
PRESSURES | PRESSURES AFTER 
(MM. Hg) | RESTING MEAN EXERCISE 


77/22 
116/52 
38/17 
125/78 
121/50 
31/8 
129/47 
84/11 
21/11 
97/44 


COMMENTS 


A study of the physiologic data obtained by needle puncture of the left 
atrium indicates that the tracings are reasonably accurate in reflecting predomi- 
nant mitral stenosis and insufficiency. This statement is made with the realiza- 
tion of the limitations of conclusions based upon measurements from a single 
cardiac chamber. The problem remains as to the value of this procedure, even 
in its more elaborate form of catheterization of the left ventricle, in determining 
the predominant lesion where both mitral stenosis and insufficiency are present. 
Therefore, we have extended our method of study to include it as part of a com- 
bined right and left heart catheterization. The contour of the left atrial tracing 
still remains an important source of information in evaluating left heart hemody- 
namics. 

The problem arises as to the significance of mild or moderate regurgitant 
jets felt by the surgeon at the time of operation in occasional cases with pre- 
dominant mitral stenosis. It is believed that these jets are produced by the 


: AS 18 15 37/18 24 48 
> Ve 26 31 111/45 64 75 
3. P.D. 11 10 19/7 11 28 
4. B.D. 28 28 123/46 69 87 
5. A.G. 29 24 98/39 64 70 
6. G.H. 17 18 16/8 8 21 
. 33 25 87/39 59 78 
28 11 50/32 42 67 
9. E.M. 8.5 9 23/8 20 14 
10. M. W. 24 22 53/24 44 70 
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reflux of blood from the left ventricle through a small orifice between the fused 
mitral leaflets which could no longer appose properly. Such jets probably do 
not represent significant mitral insufficiency but, if pronounced, might be a 
source of confusion. It is possible that the size and elasticity of the left atrium 
may influence the left atrial tracings. It has been postulated that, if the left 
atrium is not markedly distended and is sufficiently elastic, the pressure changes 
produced by small increments of reflux blood from the left ventricle may be 
absorbed by the left atrium and may not cause a distinctive distortion in atrial 
pressure contours. On the other hand, in the presence of a distended and tense 
left atrium, a similar degree of regurgitation may increase the intra-atrial pressure 
enough to produce an exaggerated insufficiency curve. Since the latter type of 
atrium is frequently encountered in patients with atrial fibrillation, this phe- 
nomenon may be one of the factors accounting for the large number of tracings 
of mitral insufficiency found in this group. 

There are additional factors which should be taken into consideration in 
interpreting left atrial tracings in patients with atrial fibrillation. Little'® has 
shown that in dogs atrial systole, abolished by atrial fibrillation, played an im- 
portant role in the closure of the tricuspid valve. According to this investigator, 
valve closure begins during the latter part of atrial systole because of the reflux 
of blood from the distended left ventricle soon after final filling by atrial con- 
traction. The efficiency of the valves is impaired when atrial systole is absent. 
Daley, McMillan and Gorlin®® have also shown that atrial fibrillation may lead 
to mitral incompetence. These investigators injected Evans blue dye into the 
left ventricle of dogs and estimated the amount of dye present in the left auricle 
during sinus rhythm and atrial fibrillation. Noting that larger quantities of 
dye could be recovered from the left atrium when atrial fibrillation was induced, 
they felt that acute incompetence was probably related to absence of auricular 
systole. This mechanism may account for the occasional accentuation of the 
regurgitant curve in patients with atrial fibrillation in whom, in addition to the 
valvular deformity, there is dilatation of the left atrium and widening of the 
mitral annulus. 


SUMMARY 


1. Transbronchial left atrial pressure tracings were obtained in a consecu- 
tive series of 56 patients. The procedure was found to be simple and relatively 
safe. There were no serious complications as a result of bleeding or infection due 
to the needle puncture of the bronchus and left atrium. Peripheral embolization 
occurred, however, in one case. There was one death attributed to a cocaine 
reaction. 

2. The left atrial pressure tracings were found to be clinically reliable in 
distinguishing predominant mitral stenosis from insufficiency. Small degrees of 
insufficiency present in patients with predominant mitral stenosis may not be 
detected by means of atrial pressure tracings. 

3. In the presence of atrial fibrillation, mitral valve incompetency may be 
augmented as a result of the cardiac arrhythmia and this may produce an exagger- 
ated insufficiency pattern. 
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Comparative Clinical Study of Coumadin Sodium and 


Dicumarol in Patients With Thromboembolic Diseases 


Charles M. Shapiro, M.D.,* Ruben Lisker, M.D.,** Alvin M. Lichtman, M.D.,*** 
and Aaron M. Josephson, M.D.,**** Chicago, IIl. 


The advent of anticoagulant therapy in thrombotic and thromboembolic 
diseases has led to decreased morbidity and mortality in these disorders.'-* With 
accumulation of experience no drug has been found markedly superior to the 
original anticoagulant, Dicumarol, despite its acknowledged disadvantages— 
a long latent period before a therapeutic hypoprothrombinemia is attained and 
variability of individual response to the drug. 

In the past few years, reports®-* have appeared in the literature dealing with 
a new anticoagulant, warfarin (Coumadin Sodiumt). These reports indicated 
that Coumadin Sodium overcame the objections to Dicumarol and seemingly 
caused no increase in toxic reactions. Moreover, in contrast to Dicumarol, 
Coumadin Sodium is a soluble salt allowing for parenteral administration. 

A clinical study was undertaken to compare the efficacy of these drugs, 
Coumadin Sodium and Dicumarol, in inducing and maintaining anticoagulant 
therapy. Our findings form the basis of this paper. 


MATERIAL AND METHODS 


Two hundred patients were placed on one of these drugs according to the dictates of their 
attending physicians. The pathologic disorder for which these drugs were employed is shown in 
Table I. Aqueous heparin, 50 units intramuscularly every 4 to 6 hours, was administered during 
the induction period in 105 cases (Table II). Hyaluronidase, 150 U.S.P. units, was given with 


each injection of heparin. 
Daily blood specimens for prothrombin time determinations were obtained at 8:00 A.M., 


and reports were available within 4 hours. Prothrombin times were performed using Quick's 
method,'® employing Simplastinf. 
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Patients were considered to be in a therapeutic anticoagulant range when the prothrombin 
time was between 24.0 and 36.0 seconds (11 to 26 per cent prothrombin activity; see Fig. 1). 


The initial dose of Coumadin Sodium was arbitrarily fixed at 50 or 60 mg., depending on the 
size of the patient. Subsequent drug administration was ordered by the intern staff. The drug 
was given orally in all but 4 patients who, because of nausea and vomiting, required intravenous 
administration. Dicumarol was given initially in successive daily doses of 300, 200, and 100 mg., 
with only slight modifications depending on the results of the prothrombin determinations. 

Latency period, the time elapsing from the initial dose until the therapeutic prothrombin 
range was first achieved, was calculated in all patients (Table II). Total days of therapy was 
determined by counting from the first day each patient was within the therapeutic range to the 
day after the last dose of anticoagulant was given. The percentage of days that each group was 
within the specified range was then computed (Table III). Escape from the drugs’ effect was de- 
fined as a drop in prothrombin time below 18.0 seconds (40 per cent prothrombin activity) after 
a therapeutic range had been attained. Hypersensitivity to the drugs was defined as a rise above 
50.0 seconds (8 per cent prothrombin activity) after being in the therapeutic range (Table IV). 
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Fig. 1.—Serial dilutions of normal plasma in BaSO, plasma. 


Toxicity of these drugs was evaluated by repeated urinalyses, hemograms, and, in several 
instances, liver profiles (alkaline phosphatase, cholesterol and esters, cephalin-cholesterol floccu- 
lation, albumin, globulin, and bilirubin determinations). Hemorrhagic phenomena were ascer- 
tained. The effect of vitamin K and its related compounds was noted. 


In elucidating the mode of action of Coumadin Sodium, tests for prothrombin, stable factor, 
labile factor," fibrinogen," and serum prothrombin™ were performed. r 


RESULTS 


One hundred patients were treated with Coumadin Sodium (Table ITI). 
These patients had a composite total of 1,842 days of therapy. Prothrombin 
times within the specified range were found on 1,304 days (70.8 per cent). One 
hundred patients received Dicumarol, with 2,211 days of therapy, and a thera- 
peutic response was maintained on‘ 1,555 days (70.3 per cent). 
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Patients receiving Coumadin Sodium were within the therapeutic range 
within 43.4 hours, the administration of heparin having no definite effect. The 
latent period in the Dicumarol group averaged 80.3 hours, heparin shortening 
the period by approximately 12 hours (Table IT). 


Escape from the effect of the anticoagulant was found on 27 occasions in 
the Coumadin Sodium group, and on 42 occasions in those receiving Dicumarol. 
The average time until the therapeutic range was again attained was 2.7 days 
in the Coumadin Sodium group and 3.6 days for any patient on Dicumarol. 


Hypersensitivity to the anticoagulants was seen on 9 occasions in the 
Coumadin Sodium group and in 7 instances in the Dicumarol group. Return 
to the therapeutic range was approximately the same for each patient in either 
group, averaging 2.2 to 2.3 days (Table IV). 


TABLE I. DISORDERS FOR WHICH ANTICOAGULANT THERAPY WAS EMPLOYED 


COUMADIN 
DISORDER SODIUM DICUMAROL 
Myocardial infarction; impending infarction 77 73 
Acute thrombophlebitis ¢ 13 18 
Cerebral vascular accidents (thrombosis or emboli) 6 1 
Arterial thrombosis 3 4 
Pulmonary emboli 1 4 
Total number of cases 100 100 
TABLE II. LATENT PERIOD 
COUMADIN SODIUM DICUMAROL 
| NUMBER OF | AVERAGE TIME | NUMBER OF | AVERAGE TIME 
CASES (HOURS) CASES (HOURS) 
No Heparin | 43 | 42.0 37 87.0 
Heparin 50 44.7 55 74.9 
Total number of cases* 93 43.4 92 80.3 


*Data not available for all patients due to interchanging of anticoagulants; in a few instances 
patients entered the hospital on anticoagulant therapy. 


TABLE III. NuMBER oF Days OF THERAPY WITHIN THERAPEUTIC RANGE 


| NUMBER OF | TOTAL DAYS DAYS IN | PER CENT IN 
DRUG | CASES OF THERAPY | RANGE RANGE 
| | | 
Coumadin Sodium 100 1,842 1,304 70.8 
Dicumarol 100 2,211 1,555 70.3 
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. The initial dose of Coumadin Sodium was arbitrarily fixed at 50 or 60 mg. 
e | 


From 5 to 30 mg. was employed on the second day. The average daily mainten- 


in 
8 | ance dose was 5 to 10 mg., the range being 2.5 to 27.5 mg. Patients receiving 
_ | Dicumarol demonstrated poor stability, and maintenance dosage was quite 
| variable. 
‘ol. | 
lys TABLE IV. EscAPE FRoM ANTICOAGULANT EFFECT 
he | | | TOTAL DAYS | AVERAGE NUMBER | 
rn | TOTAL NUMBER OF UNTIL WITHIN | DAYS RETURN TO | ESCAPE DAYS 
| DRUG | DAYS OF | ESCAPES THERAPEUTIC | THERAPEUTIC | (% OF TOTAL 
er | | THERAPY | RANGE RANGE DAYS) 
7 | | | 
| Coumadin 1,842 | 27 | 73 aie 3.95 
| Sodium | 
Dicumarol 2,211 42 | 151 3.6 6.83 
| | | 
Hypersensitivity to Anticoagulant 
TOTAL DAYS’ | AVERAGE NUMBER | 
| TOTAL | NUMBER OF UNTIL WITHIN | DAYS RETURN TO | HYPERSENSITIVE 
DRUG DAYS OF | HYPERSENSITIVE| THERAPEUTIC | THERAPEUTIC | DAYS (% OF 
THERAPY | EPISODES RANGE RANGE TOTAL DAYS) 
| 
| | 
Coumadin | 1,842 9 20 2.2 1.08 
Sodium | 
Dicumarol | 2,211 7 16 2.3 0.72 


TABLE V. INITIAL CLOTTING STUDIES IN COUMADIN SopIUM GROUP 


| | 
| FIBRINOGEN | CLOTTING TIME PLASMA PROTHROMBIN | SERUM PROTHROMBIN 
(mG. %) | (MINUTES) | TIME (SECONDS) | TIME (SECONDS) 
| | | 
Normal | 200-330 | upto20_ | 12-14 | over 20 
Case 1 | 561 | 13 25.4 | 125 
Case 2 | 468 8 28.0 110 
Case 3 491 12 28.2 | 97 
Case 4 345 | 15 30.8 60 


TABLE VI. CLortTinG StupIEs For ISOLATED DEFICIENCIES IN COUMADIN SODIUM GROUP 


PROTHROMBIN AND 


LABILE FACTOR PROTHROMBIN STABLE FACTOR STABLE FACTOR 
| (SECONDS) | (SECONDS) (SECONDS) (SECONDS) 
Normal | 26.8 24.4 | 27.0 | 26.0 
Case 1 30.4 | 42.9 107.0 104.0 
Case 2 28.0 40.0 88.4 85.6 
Case 3 28.4 41.0 99.0 107.0 
Case 4 28.3 | 43.3 | 104.5 107.6 
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There seemed to be little difference in duration of effect between these two 
drugs. A marked hypoprothrombinemic effect, lasting 3 to 7 days, was noted 
on 16 occasions in each group. The patients had received no anticoagulants 
during these intervals. In 3 instances in the group taking Coumadin Sodium, 
and once in the Dicumarol group, omission of the drug for a single day dropped 
the prothrombin time from the therapeutic range to less than 18.0 seconds. 

Seven patients on Coumadin Sodium and 6 patients receiving Dicumarol 
were given vitamins K (Synkavite*) or K; (Mephyton*). One patient in each 
group failed to respond to these compounds. 

Toxic reactions to the drugs were seen in 11 patients receiving Coumadin 
Sodium and in 8 patients on Dicumarol. The findings in the former group were: 
microscopic hematuria, 7 patients; epistaxis, 2 patients; ecchymoses, 1 patient; 
hematuria and bleeding gums, 1 patient. Ten of the 11 patients were within the 
therapeutic range at the time of the toxic reaction. One patient with a profound 
hypoprothrombinemia (prothrombin time of 60 seconds) not responsive to 125 
mg. of vitamin K, died showing hematuria. At autopsy,t she was found to have 
multiple visceral thrombi. There was extremely marked fatty metamorphosis 
of the liver. Death was not attributed to Coumadin Sodium therapy. 

Toxicity to Dicumarol was manifested by: isolated hematuria, 5 patients; 
epistaxis, 1 patient; hematuria and diarrhea, 1 patient; generalized hemorrhage 
leading to death, 1 patient. All but 2 patients, one with hematuria and the pa- 
tient with generalized hemorrhage, were within the therapeutic range at the 
time of the toxic reactions. 

The latter patient was treated with anticoagulants because of a myocardial 
infarction. She had been on Dicumarol during a previous hospital stay, and had 
shown no hypersensitivity to the drug. After receiving 550 mg. of Dicumarol 
over a 3-day period,the prothrombin time rose to 50.0 seconds. Shortly there- 
after, generalized petechial hemorrhages and gross hematuria appeared. Vita- 
mins K (60 mg.) and K, (20 mg.) and 750 ml. of fresh whole blood were admin- 
istered. The patient lapsed into coma with dilated fixed pupils and expired. 
The cause of death was listed as probable intracranial hemorrhage due to Dicu- 
marol therapy. Permission for an autopsy could not be obtained. 

Liver function tests, performed on 10 patients receiving Coumadin Sodium 
and on 5 patients receiving Dicumarol, were normal. No change in repeated 
hemograms could be attributed to these drugs. 

In order to ascertain the effect of Coumadin Sodium on the clotting mecha- 
nisms, 4 random patients were selected for study. All had been taking Coumadin 
Sodium for over 8 days and all were within the therapeutic range. 

Initial studies on fibrinogen levels, clotting times, and serum prothrombin 
times were within normal limits (Table V). Measurement for isolated deficiencies 
of prothrombin, stable factor (Factor VII, convertin), and labile factor (Factor 
V, accelerin) were performed (Table VI). All patients had a deficiency of pro- 
thrombin and stable factor. Labile factor was not decreased. Testing for pro- 
thrombin, all other factors added to excess, gave clotting times approximately 


*Registered trademark. 
+Performed by Dr. H. Yokoo, Department of Pathology, Michael Reese Hospital. 
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wice that of normal. Testing for stable factor, prothrombin added to excess, 
save clotting times which were 3 to 4 times as long as normal, and which closely 
approximated those obtained when neither prothrombin nor stable factor were 
added to the patient’s plasma. 


DISCUSSION 


The success of anticoagulant therapy depends not only on having adequate 
laboratory control of prothrombin time determinations but requires, also, some 
experience on the part of the physician. Drug administration was controlled 
by the intern staff in this study. 

Previous reports in the literature recommend 1 mg. per kilogram of body 
weight as the initial dose of Coumadin Sodium. Most of our patients were too 
ill to ascertain their weight and we resorted to a fixed amount, 50 or 60 mg., for 
the induction of therapy. From 5 to 30 mg. was employed on the second day. 
Such a regimen effected a therapeutic hypoprothrombinemia within 43.4 hours 
on the average. Because we obtained a prothrombin time determination only 
once a day, we cannot state the exact duration of the latent period, but in many 
instances it was undoubtedly much shorter. The induction time with Coumadin 
Sodium was approximately half that with Dicumarol. 

Heparin had no effect in shortening the induction period when given with 
Coumadin Sodium, but decreased by 12 hours the average latent period in patients 
receiving Dicumarol. Studies are now under way to clearly delineate the effect 
of heparin when used with these drugs. 

Maintenance of anticoagulation therapy was performed with daily admin- 
istration of small amounts of the respective drugs. Variability of response was 
equally great in both groups. The basis of sound anticoagulant therapy is 
frequent prothrombin time determinations. Use of Coumadin Sodium does not 
lessen this requirement. 

The ability of these drugs to keep the prothrombin time within the specified 
range did not differ significantly, Coumadin Sodium being effective 70.8 per cent 
of the time, and Dicumarol 70.3 per cent. While hypersensitivity to the anti- 
coagulants was essentially the same, escape from the effect of the drugs was 
almost twice as common with Dicumarol. In a few patients, temporary heparin 
therapy was used until the specified prothrombin range was again attained. 

The toxic manifestations of these drugs were primarily hemorrhagic. Of 
the 19 patients who developed hemorrhagic phenomena, 16 were and had been 
within the therapeutic range. Thirteen patients required vitamins K or Ky, 
and all but 2 patients responded. A patient receiving Coumadin Sodium, whose 
prothrombin time was 60.0 seconds, did not react to 125 mg. of vitamin K,. 
At autopsy it was found that she had severe fatty metamorphosis of the liver. 
The second patient, on Dicumarol, who did not respond to vitamins K and Ky, 
and 750 ml. of fresh whole blood, had a prothrombin time of 50.0 seconds. Death 
was attributed to intracranial hemorrhage due to anticoagulant therapy. No 
autopsy was obtained to ascertain the status of her liver during the terminal 
episode. 
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The mode of action of Coumadin Sodium is not solely through depression 
of the blood’s prothrombin activity. Stable factor, required for normal coagula- 
tion, is more significantly affected. From our preliminary experiments it is 
indicated that depression of stable factor activity accounts for most of the “hypo- 
prothrombinemic”’ state as measured by routine prothrombin time determina- 
tions. This has been found true of Dicumarol and other coumarin derivatives." 
High fibrinogen levels, found in Cases 1-3 (Table VI), are consistent with levels 
found in other reported cases with myocardial infarction.'® 


SUMMARY 


The ability of Coumadin Sodium and Dicumarol to maintain a therapeutic 
hypoprothrombinemic state do not differ: Coumadin Sodium was effective 70.8 
per cent of the time, and Dicumarol was effective 70.3 per cent of the time. 

The latency period in the group taking Coumadin Sodium averaged 43.4 
hours, while in the Dicumarol group it averaged 80.3 hours. 

Hypersensitivity to these two drugs was not significantly different, but 
escape from the effect of Dicumarol was almost twice as common. 

The amount and technique of drug dosage is presented. 

The ability of vitamin K and related compounds to reverse the action of 
these drugs was similar. Hemorrhagic phenomena were seen in 11 patients 
taking Coumadin Sodium and in 8 patients on Dicumarol. Only 1 death was 
attributed to anticoagulant therapy. This patient was on Dicumarol. 

The mode of action of Coumadin Sodium, as with Dicumarol, seems to reside 
more in its ability to decrease the activity of stable factor than in the suppression 
of prothrombin activity. 
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Anisindione: A New Anticoagulant With Unusual Properties 


Kurt Lange, M.D., Eli Perchuk, M.D., Murray Mahl, M.D.,* Josef Enzinger, 
M.D., and George Mouratoff, M.D., With the Technical Assistance of Peter Demoleas 
New York, N. Y. 


The great interest which has developed during the past decade in the treat- 
ment of thromboembolic conditions has led to the introduction of a number of 
anticoagulants of widely varying properties. 

There appears to be widespread agreement that an ideal oral anticoagulant 
should maintain its effect just long enough to prevent violent fluctuations of 
prothrombin levels when the drug is administered in single daily doses, and that 


it should be metabolized or excreted fast enough to permit a rapid recovery of 
the prothrombin content on cessation of therapy. However, experience has 
shown that with the use of such drugs one cannot avoid large daily fluctuations 
in prothrombin activity. In addition, today we have in Mephytonf, an oily 
suspension of vitamin K, oxide, a drug which can rapidly and predictably revert 
the anticoagulant effect of hypoprothrombinemic drugs to normal. 

It is our contention that a long-acting sustained hypoprothrombinemic 
drug, requiring medication several days apart, should be the aim of oral anti- 
coagulant therapy. Such an effect would maintain the patient within the level 
of therapeutic response more properly, without periods of “‘prothrombin escape”’ 
and necessity for large corrective dosages, and without unusually low levels of 
prothrombin activity with the consequent danger of hemorrhage. 

While heparin and the heparinoids have the distinct advantage of prompt 
onset of action and prompt termination of action upon withdrawal, they must 
be given parenterally and preferably intravenously. The effect of single injec- 
tions is short lasting, and the therapy is expensive. In addition, the parenteral 
route practically precludes use of these drugs for long-term (maintenance) ther- 
apy, which is coming more and more to the foreground as the method of choice 
for certain thromboembolic diseases. 

From the Department of Medicine, New York Medical College—Metropolitan Medical Center, 
Vascular Research Group (Bird S. Coler Hospital), New York, N. Y. 
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The drugs of the coumarin group vary widely in their mode of administration 
and duration of action. All of them also have in common a great variability of 
individual response to a given dose,' making frequently repeated determinations 
of prothrombin activity (prothrombin time determinations) and widely varying 
dosage schemes necessary. Many of them are slowly absorbed from the intestinal 
tract, making irregularities of bowel movements an additional difficulty in control 
of the dosage of the anticoagulant.' Therefore, even under the most careful 
control, hemorrhagic episodes cannot be excluded. 
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Fig. 1.—The relation between prothrombin time and prothrombin activity using 
Solu-Plastin as a reagent. 


The anticoagulants of the indandione group (phenylindandione? and diphena- 
dione’*) are not chemically related to the coumarins, but act similarly by decreasing 
the prothrombin activity of the plasma. They probably also decrease the stable 
factor. Like the coumarins they also do not influence the prothrombin which is 
already formed. The indandione anticoagulants which have been described so 
far, occasionally cause albuminuria, allergic manifestations, chromaturia, and 
agranulocytosis. A wide range of individual sensitivity also enforces highly 
individualized dosage schemes and numerous prothrombin time determinations. 

Anisindione (2-p-Anisyl indandione—1,3) is a drug of the indandione type. 
In experiments on dogs and rabbits, it displayed an unusual freedom from toxic 
effects on the hepatobiliary apparatus and on the blood. In addition, the drug 
seemed to promise fairly uniform and rapid absorption from the intestinal tract 
and uniformly consistent dosage schemes. 


It was decided, therefore, to study the drug in patients requiring anticoagulant therapy for 
various reasons. Altogether, 52 patients received the drug for a total of 1,198 patient days. 
The diagnoses in these patients were as follows: arteriosclerotic heart disease with auricular 
fibrillation—6, rheumatic heart disease with auricular fibrillation—2, postphlebitic syndrome—1, 
acute deep thrombophlebitis—1, arteriosclerosis obliterans with arterial thrombosis—2, arterio- 
sclerosis obliterans—24, old cerebrovascular accident—12, stasis (varicose) ulcers—4. 

Their average age was 70 years, with a variation between 47 and 89 years; 39 were male 
and 14 female. Prothrombin activity was determined by Quick one-stage method using Solu- 
Plastin as reagent, which, in our experience, gives excellent reproducibility and a good correlation 
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between the activity found and the clinical behavior, e.g., hemorrhagic phenomena; this corre- 
lation is not nearly so good when other thromboplastins are used. All values were reported in 
prothrombin activity (per cent of normal) giving the prothrombin time in brackets. The relation 
between prothrombin activity and prothrombin time, when this method is used, is shown in Fig. 1. 


The initial decrease of prothrombin activity after one dose of anisindione 
varies with dosage. After a single dose of 200 mg., prothrombin activity was 
decreased to 75 per cent within 6 hours, to a maximum of 40 per cent after 30 
hours, and the effect was no longer present (in 4 cases ) after 110 hours (Fig. 2). 
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Fig. 2.—The response to one dose of anisindione of varying amounts in 
different individuals. 


After a dose of 400 mg., prothrombin activity was decreased to 50 to 60 per cent 
within 6 hours, to 30 per cent in 50 hours, and returned to normal (in 4 cases) in 
150 hours (Fig. 2). After 500 mg. of anisindione, prothrombin activity decreased 
to 45 to 55 per cent within 6 hours, to 30 per cent in 32 hours, and reverted to 
normal (in 4 cases) between 110 to 150 hours (Fig. 2) ; 600 mg. of anisindione caused 
a fall to 35 to 45 per cent within 6 hours, a level of 25 to 30 per cent in 36 hours, 
and a return to normal (in 3 cases) in 158 hours (Fig. 2). The uniformity of 
reaction in different individuals was surprising, the response varying very little 
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from patient to patient. It was noted, however, that splitting the first dose into 
2 portions given at 4-hour intervals markedly reduced the effectiveness of the 


drug. 

Through trial and error, a dosage scheme was worked out for the initiation 
of a satisfactory reduction in prothrombin activity. This schedule consisted of 
500 mg. the first day, 300 mg. the second day, nothing on the third day, and 300 
mg. on the fourth day. 
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Fig. 3.—Typical course of prothrombin activity under the dosage scheme of 500 mg. anisindione 
the first day, 300 mg. the second day, 300 mg. the fourth day, followed by maintenance doses of 250 mg. 
every third day. 


This dosage represents, in our experience, the optimal distribution of the 
drug. It achieves therapeutic levels almost as quickly as larger initial doses, 
but avoids ‘‘overshooting”’ which is so commonly seen with Dicumarol when large 
initial doses are used. This dosage was used in 23 cases, and all had therapeutic 
levels between 30 and 15 per cent within 72 hours. It was remarkable that even 
much larger doses, for example, 600 mg. initially, followed by 400 mg. on the 
second and third days, did not produce a much lower prothrombin activity, so 
that one could not help but have the impression that the effect of the drug was 
somewhat self-limiting. Since the optimum dose is the smallest dose needed to 
produce the desired effect as promptly as possible, the scheme of 500 mg. the first 
day, 300 mg. the second day, nothing on the third day, and 300 mg. the fourth 
day was selected for production of the initial anticoagulant effect. The initial 
fall of prothrombin activity is at least as fast as with any other anticoagulant 
of the coumarin and indandione group. Since these drugs act only by inhibiting 
the formation of prothrombin, one may speculate that a much faster decrease 
of prothrombin activity is impossible because the elimination rate of pre-existent 
circulating prothrombin is not influenced by the drugs. 
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After the therapeutic level was reached, maintenance of the level was pro- 
duced by giving 250 mg. Anisindione every third day. This dosage again was 
arrived at by trial and error and has proved to be remarkably uniform. Only 
rarely was a patient found who, after several doses of 250 mg. every third day, 
showed a tendency to either steadily decrease or increase prothrombin activity; 
in such cases, the maintenance dose was decreased to 200 mg. or increased to 300 
mg. every third day. With this maintenance therapy, 25 cases were maintained 
at a prothrombin activity between 15 to 30 per cent for a total of 988 patient 
days. The longest maintenance period so far has been 112 days (Fig. 3). 
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Fig. 4.—Interruption of the anisindione effect on prothrombin activity by phytonadione (Mephyton), 
and the effect of the immediate subsequent remedication with anisindione. 


When it appeared desirable to interrupt therapy, 50 mg. of phytonadione 
(Mephyton) was given slowly intravenously in 10 c. c. of normal saline or 10 
per cent dextrose. With this medication, the prothrombin activity returned to 
normal or to above 80 per cent within 2 hours (4 cases). When phytonadione is 
given in the course of Dicumarol treatment, a period of resistance to remedication 
after return to normal prothrombin activity is regularly noted. Such a behavior 
was not seen in the course of anisindione treatment. Four cases on anisindione 
for prolonged periods of time received 50 mg. phytonadione in 10 c.c. normal 
saline intravenously ; the next day 500 mg. anisindione was given and was followed 
by the usual dosage scheme (Fig. 4). Within 48 to 72 hours prothrombin ac- 
tivity again was reduced to the therapeutic range. One case, however, who 
received 100 mg. phytonadione, required prolonged intense remedication with 
anisindione to re-establish therapeutic levels. 
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Since anisindione was not chemically related to Dicumarol, we were not 
certain that a reduced prothrombin activity produced by Dicumarol could be 
maintained by anisindione. The prothrombin activity of 3 patients was reduced, 
therefore, to therapeutic levels by Dicumarol; whereupon they were switched to 
anisindione maintenance therapy of 250 mg. every third day (Fig. 5). The levels 
established by Dicumarol were well maintained by Anisindione, so that cases 
carried on Dicumarol maintenance therapy could be smoothly switched to 
anisindione without restarting therapy. 
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Fig. 5.—Induction of anticoagulant effect with Dicumarol, followed by 
maintenance with anisindione. 


In our group, we had 3 instances of frank hematuria: 1 occurred at a thera- 
peutically desirable level, 1 in a patient with a renal calculus who showed hema- 
turia at a prothrombin activity which was above the desirable level, and 1 in 
a purposely induced very low prothrombin activity (10 per cent). All 3 promptly 
lost the hematuria when phytonadione was administered intravenously. We 
had 1 instance of epistaxis which was similarly stopped. Petechiae, agranulo- 
cytosis, or liver damage were not observed in this group. Chromaturia was not 
seen in this series. In many cases, however, the urine shows a deeper yellow- 


orange color. 


SUMMARY 


1. Anisindione (2-p-Anisyl indandione—1, 3) is an anticoagulant of the 
indandione type. It was given to 52 patients with vascular disease, but not 
always the thromboembolic type, for a total of 1,198 days. It leads to an initial 
rapid fall in prothrombin activity and reaches a therapeutic level within 36 to 72 
hours. 
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2. The therapeutic level can be maintained rather uniformly by 1 dose of 
the drug every third day. 

3. The individual response to a given dose of the drug is unusually uniform. 

4. The effect of the drug can be rapidly interrupted by the use of phyton- 
adione (Mephyton). The anticoagulant effect can be restored rapidly by remedi- 
cation. 

5. Maintenance doses of the drug retain the anticoagulant effect previously 
established with Dicumarol. 

6. Side reactions were noticeably absent in this group. There were 3 
instances of hematuria, 1 occurring at a therapeutically desirable level, 1 in a 
case with a renal calculus, and 1 at a purposely induced very low prothrombin 
activity. There was no chromaturia, petechiae, agranulocytosis or liver damage. 
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The Normal Variability of the Electrocardiogram as a Basis 


for Differentiation Between ‘‘Normal” and ‘‘Abnormal”’ 


in Clinical Electrocardiography 


Ernst Simonson, M.D., Minneapolis, Minn. 
I. INTRODUCTION 


The first, and perhaps the most important, step in electrocardiographic 
interpretation is the differentiation between “normal” and “‘abnormal.”’ The 
second step consists in the differentiation between the various abnormal ECG 
patterns, and their correlation with specific pathology. On the whcle, the infor- 
mation about the ECG in various diseases is much greater and more complete 
than the information about normal variation; in other words, we know more 
about the second step than about the first one. It is in the differentiation be- 
tween “normal’’ and “abnormal” that electrocardiographic overinterpretation 
usually occurs, resulting in false diagnoses of heart disease and, consequently, 
the danger of producing cardiac neurosis.’ Clinical electrocardiography has 
developed essentially on an empirical basis. Its clinical value rests mainly on 
the tremendous clinical material accumulated, its empirical differentiation from 
normal population, and its empirical correlation to pathology. Therefore, the 
diagnostic accuracy of the ECG to differentiate between “‘normal’’ and ‘“‘ab- 
normal”’ rests entirely, as will be discussed in Section III, on the analysis of the 
distribution in “normal,”’ i.e., clinically healthy, population. Up to the middle 
thirties, the published material on normal persons was extremely small. In the 
past 2 decades, the size of the normal material has been greatly enlarged, and at 
present, the analysis of this large material in terms of normal variation is more 
important for the improvement of electrocardiographic differentiation than fur- 
ther increase in the amount of data. 

The definition of “‘normal”’ and “abnormal”’ is essential if their differentiation 
is to be discussed. Probably no complete agreement can be expected, because 
such definition is to a large degree arbitrary in view of the continuum from 
“normal” to “‘abnormal.”’ The definition of health is, unfortunately, a negative 
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criterion: the absence of recognizable disease; it depends on the thoroughness 
of the clinical examination, and the experience of the examiner. In the normal 
groups used for ECG standards by various authors, the criteria of clinical health 
were quite different, varying from groups preselected on the basis of physical 
fitness (young aviators) to hospitalized noncardiac patients. Normal standards 
derived from such heterogeneous groups may show quite significant differences. 
The sample should be respresentative of average working population, and an 
agreement of the clinical screening methods is necessary. 

The principles involved in the determination of electrocardiographic ‘‘normal 
standards” were recently summarized.’ It can be said at the outset that so far 
no truly valid electrocardiographic normal standards are available. The groups 
used for the standards published by the New York Heart Association* and the 
Electrocardiographic Test Book of the American Heart Association® were highly 
preselected and are far from being representative of the average clinically healthy 
American population. If we define the limits of a sufficiently large healthy group 
as “‘normal,’’ “abnormal’’ means, at the first approximation, uncommon in a 
carefully examined group of healthy population. In this definition, ‘‘abnormal”’ 
does not necessarily mean pathologic. The electrocardiographic pattern of 
dextrocardia, for instance, would be ‘“‘abnormal,’’ but would not necessarily 
indicate cardiac pathology. The further differentiation between ‘‘abnormal”’ 
(meaning rare or absent in healthy population) and ‘‘pathologic’”’ is, of course, 
pertinent for electrocardiographic diagnosis. This differentiation can be made 
only by consideration (and elimination) of all normal variables which might 
affect the electrocardiogram. 

As a rule, the definition of “healthy” or ‘“‘normal’’ applies to one clinical 
examination of the subject at the time the ECG is taken. The definition of 
“health” in follow-up studies is, of course, much safer, and this has a bearing 
on the electrocardiographic criteria of ‘‘normality,’’ as shown in a recent study 
by Kiessling and associates,® and in our follow-up study, over a period of 9 years, 
of 300 initially healthy men. Since such longitudinal studies are difficult to 
organize, the normal ECG limits refer to cross-sectional studies. However, we 
should be aware of the limitations of health definition in a single examination, 
and corrections should be expected as more longitudinal studies are available. 


SOURCES OF VARIABILITY 


The variability of the ECG in the total healthy population is enormous, and 
limits including the whole healthy population under controlled conditions would 
include also a large number of cardiac patients, introducing many false diagnoses 
of normality. 

The total healthy human population includes many constitutional variables, 
such as age, relative obesity (underweight or overweight), sex, race, chest con- 
figuration, etc. Also to be considered are environmental variables, such as occu- 
pation, physical activity, climate, diet, smoking, and alcohol. Since some of 
these variables will affect the ECG, the wide range of distribution of electrocardio- 
graphic items can be reduced by a more precise definition of the group to which 
the individual patient belongs and the condition under which the ECG is taken. 


II. 
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In contrast, the normal ECG standards for adults prepared by the New York 
Heart Association‘ and the Electrocardiographic Test Book® include heterogeneous 
samples which were combined in order to arrive at a larger and apparently more 
reliable normal group. Combination of heterogeneous groups, different in age 
sex, race composition, and in the criteria of normality used for the selection, 
must result in an increased range of distribution and a large overlap with patients. 
It is recognized that constitutional or environmental heterogeneity does not 
necessarily imply electrocardiographic heterogeneity, and our information in 
this respect is very scanty. However, it cannot be assumed that those constitu- 
tional or environmental factors which are not yet explored are irrelevant. 

In addition to constitutional and environmental variables, there are several 
sources of variability inherent in the present electrocardiographic method. Re- 
cent experiments revealed a high degree of distortion in the projection of cardiac 
electrical events in the conventional leads,? amounting to a major uncontrolled 
source of variability. Technically, the standardization of conventional electro- 
cardiographic leads is at present very satisfactory. Wilson’s terminal is now 
internationally accepted (except in Russia) after prolonged discussion in the 
early forties about the merits of the CR, CL, CF, and V leads, and the Einthoven 
leads have the virtue of early universal acceptance. The procedure of taking the 
ECG also has some element of variability. All these factors will extend the 
width of distribution, interfering with the separation of ‘“‘normal’’ and “abnor- 
mal.”’ It is the purpose of this article to examine how much information is 
available on the importance of the numerous sources of variability of the ECG, 
to discuss, against this background, the validity and limitations of the available 
ECG standards, to propose corrections for some of the variables, and to examine 
the areas where more precise information is urgently needed. 


Ill, THE FREQUENCY OF DISTRIBUTION OF ELECTROCARDIOGRAPHIC CHARACTERISTICS 
AS BASIS FOR DIFFERENTIATION BETWEEN NORMAL SUBJECTS AND PATIENTS 


A precise evaluation of the diagnostic accuracy of any method is possible 
only by comparison of the frequency distribution in a sample of healthy popula- 
tion and in a sample of patients with specified pathology. The distribution of 
any ECG item in specified groups of patients with cardiac pathology is largely 
unknown. We compared the distribution of Q; and 10 related ECG items (and 
12 combinations of items) in 150 patients with posterior wall myocardial infarction 
and in 100 healthy, very carefully screened, people with a prominent Q;.8 This 
is a preselected control group, but it is the group from which the patients with 
posterior wall infarction have to be differentiated. 

The situation may be illustrated by Figs. 1 to 3, representing the distribution 
of the Q; interval, Q; amplitude, and T, amplitude in a “healthy”’ population and 
in patients with posterior wall infarct. All items show wide overlap between 
patients and healthy population. The upper normal range limit of Q; duration 
of 0.065 second includes about 85 per cent of the population of patients. The 
lower limit of the patients’ distribution (0.025 second) includes 80 per cent of 
the healthy population. The diagnostic separation between these groups is 
obviously very poor for the total range of the Q; duration. It is impractical, 
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therefore, to use the total width of distribution as diagnostic criterion; arbitrary 
limits, usually 90 to 95 per cent of the normal population, are better suited for 
any diagnostic method. By definition, a small percentage of healthy population 
will exceed such arbitrary limits. This fact is often overlooked in routine clinical 
interpretation. In using arbitrary limits, one compares the probability of a 
certain value being normal or abnormal. A Q; duration of 0.05 second, for in- 
stance, is exceeded by only 2 per cent in the sample of healthy population, but 
by about 40 per cent of the patients. The ratio of 20:1 at 0.05 second duration 
has certainly some predictive value. In contrast, the Q; duration of 0.04 second, 
which is generally accepted as upper normal limit, is exceeded by 35 per cent of 
our normal sample and 75 per cent of the patients, with the ratio of only about 
2.3:1, and consequently of much less predictive value. Use of 0.04 second for 
Q; will result in false diagnoses of abnormality in an appreciable number of cases. 


Q3 Interval 
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o———- Sub-acute 


o—-— Acute 
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Seconds 


incidence in per cent) in normal population and in 


Fig. 1.—Frequency distribution (ordinate: 
(From Weisbart 


patients with posterior wall myocardial infarct (acute, subacute, old) of the Qs; interval. 
and Simonson: Am. Heart J. 50:62, 1955, Fig. 2,B, p. 68.) 


It is of great interest that this value of 0.04 second is very close to the intercept 
of 0.045 second between the normal and the abnormal distribution curves. The 
intercept will give the best differentiation between the groups. However, the 
purpose of a clinical diagnostic method is not the best separation between groups, 
but the prediction for an individual patient; Fig. 1 shows that this is an entirely 
different proposition. 

The important question of group differentiation versus individual diagnosis 
is illustrated by a recent study of Kiessling and associates. These authors found, 
in an average follow-up of 6 to 7 years, that the mortality of initially healthy older 
men with minor T-wave changes was significantly higher than expected from the 
mortality tables for a sample of the same age and occupation. The T-wave 
abnormalities included flat T waves in Vs, aVx (horizontal and semihorizontal 
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hearts), and aVr (vertical and semivertical hearts), which still fall inside the 
95 per cent range of our sample of normal men of about the same age, although 
close to the limits. The incidence of patients increases apprcaching the normal 
limits from the normal means (see Figs. 1 to 3), and increased group mortality 
in the distribution range around the 95 or 98 per cent limits should be expected. 


Q3 Amplitude 


Normal 

Infarct 
Sub-acute » 

Acute 


Percent Incidence 


30 50 7.0 9.0 
20 4.0 60 8.0 >9.0 
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Fig. 2.—Frequency distribution (ordinate: incidence in per cent) in normal population and in 
patients with posterior wall myocardial infarct (acute, subacute, old) of the Q; amplitude. (From 
Weisbart and Simonson: Am. Heart J. 50:62, 1955, Fig. 3,B, p. 70.) 


Tz Amplitude 


Normal 

Old = Infarct 
Sub-acute ” 
o—-—* Acute 


Percent Incidence 
Ow a 
ou 


NN 
ONS 


-4.5 -2.5 -0.5 t1.§ +3.5 t*5.5 
“5.5 -3.5 +2.5 +4.5 +6.5 


mm. 


Fig. 3.—Frequency distribution (ordinate: incidence in per cent) in normal population and in 
patients with posterior wall myocardial infarct (acute, subacute, old) of the T2 amplitude. (From 
Weisbart and Simonson: Am. Heart J. 50:62, 1955, Fig. 5,A, p. 72.) 
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For life insurance purposes, the authors are mainly interested in group mortality 
experience and, from this point of view, minor T abnormalities are important in 
the over-all prediction. However, the same criteria will produce a substantial 
number of false diagnoses of abnormal. It may be wise, however, to keep persons 
near the normal limits under closer medical supervision than persons near the 
normal means. The conclusions of Kiessling and associates appear to be at 
variance with those of Packard and associates,’ who found in their 10-year follow- 
up of 645 out of an original group of 1,000 young aviators that a number of men 
with borderline or even abnormal electrocardiograms remained in perfect health. 
Since the group of aviators was much younger (originally between 20 and 30 
years old), it is quite possible that minor deviations from normal have greater 
significance for older people. There is obviously a need for further longitudinal 
investigations. 

There always will be a considerable number of patients inside the normal 
limits for any ECG item. The diagnostic situation is better for such items as 
Te, as shown in Fig. 3, with little overlap between normal population and patients 
with subacute posterior wall infarct. In other items the separation is much 
poorer. For instance, the majority of normal population has Q; amplitudes of 
< 3.0, and the majority of patients have amplitudes over 3.0, but the normal and 
abnormal distribution extend over nearly the same range (Fig. 2). 


t 
95% N 5%— 
5% 95% ——— 
50 % Pz 50% 


Fig. 4.—Frequency distribution of a hypothetical normal sample (N), and two samples of patients 
(P;), (Pe), representing two different types of disease for a hypothetical ECG item. The dividing line 
for 5 per cent at the upper end of normal distribution coincides with that for 95 per cent of patients in 
group P;, and for 50 per cent (median) of group P2. The areas of overlap are shaded. The diagnostic 
implications are discussed in the text. 


Correlations between autopsy and electrocardiographic findings have some 
bearing on this problem. Essentially, such studies are useful as a validity test 
for subdividing patients into categories of various abnormalities by means of 
conventional pattern diagnosis, but they do not provide a basis for more precise 
evaluation of abnormal distributions. 

In the absence of reliable information about distributions of ECG items in 
pathologic conditions, the diagnosis of normality/abnormality rests mainly on 
the normal distribution. The limitation of this situation is explained in Fig. 4, 
which shows the distribution of a hypothetical ECG item in a normal population 
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(N) and in two abnormal populations (P; and P2), representing different types 
of pathology. The 5 per cent normal limit, shown by an arrow, separates 95 per 
cent of the abnormal sample P;, but only 50 per cent of the sample Ps The 
distribution of the normal sample is, of course, the same whether it is compared 
with P; or Ps», but its diagnostic significance is greatly different; in one case (P;) 
the diagnostic accuracy is high, and in the other case (P:2) it is poor. While the 
normal distribution (N) is the only available information, its diagnostic value 
depends on the largely unknown distribution in specified types of pathology. 
Electrocardiographic differentiation undoubtedly would be much improved by 
distribution analysis in various diseases. 

The importance of consideration of frequency distribution may be illustrated 
by a recent study of Surawicz and associates,!° who found, out of 6,000 electro- 
cardiograms, an absent initial R wave in V; in 25 persons without evidence of 
myocardial infarct. They state that this incidence of 0.5 per cent is surprisingly 
high. However, it is not higher than should be expected from the distribution of 
ORS patterns around the chest in healthy population.“ The diagnostic accuracy 
of an absent R wave in Surawicz’s material for diagnosis of anterior infarct is 
actually excellent, compared to the diagnostic accuracy of Q; and related ECG 
items for the diagnosis of posterior wall infarct.® 


IV. DETERMINATION OF NORMAL LIMITS—TECHNICAL CONSIDERATIONS 


In most electrocardiographic studies on normal standards, the extreme values 
found in the actual sample were used. Since the actual extreme values will 
expand with the number of the sample, the normal limits derived from numeri- 
cally different samples are not comparable. In Table IV of the New York Heart 
Association,‘ the sample size varies from 30 to 594. The largest sample, all other 
factors being the same, will determine the limits of a composite sample. 

A minority of investigators (for instance, Stewart and Manning"™) deter- 
mined the limits from the standard deviation (S.D.). The mean + 2 S.D. will 
include about 95 per cent of the normal population, which would represent 
workable limits. This procedure is superior to the use of actual extreme values 
since the size of the samples is a determinant of the S.D. However, the standard 
deviation can be used only in a case of symmetrical Gaussian distribution. The 
distribution of some ECG items is, indeed, fairly symmetrical (T: in Fig. 3), 
but is skewed in other items (Q; amplitude in Fig. 3). Initemswithan asymmetrical 
distribution, the limits must be determined from the percentiles; limits derived 
from the standard deviations are too narrow at the long end of distribution and 
too wide at the short end of distribution. In case of symmetrical distribution, 
the values determined from the S.D. and the percentile distribution will be ident- 
ical. The percentile distribution has been used only in rare instances for deter- 
mination of normal limits, and a correction of the normal conventional limits 
for skewness is much needed. For example, the upper and lower 98 per cent 
limits for Re amplitude in our group of 233 older men were 15.1 and 1.4 mm. as 
calculated from the standard deviation, and 18.7 and 1.6 mm. as calculated from 
the percentile distribution. A sample size of 100 is about the minimum for eval- 
uation of skewness. 
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In a smaller sample, the S.D. may be used in the absence of better informa- 
tion, but such limits should be characterized as preliminary. A sample of 7 
cases in the Electrocardiographic Test Book® for the limits of the S-T segment is 
obviously much too small. If the sample is very large, as for instance in Graybiel 
and associates’ study of 1,000 aviators,!* the actual 98 per cent limits will be 
very close to those derived from the percentile distribution. However, measure- 
ment of the 60 to 70 items in a conventional 12-lead ECG in a sample of 1,000 
would be nearly prohibitive for any single laboratory. Dividing the task among 
several laboratories, comparing samples of 200 to 300 subjects, would be more 
practical and would provide a better basis for application to the general popu- 
lation. 


Vv. BIOLOGIC VARIABLES 


Age.—Age is biologically the most important variable, but it is curious that 
age trends are considered in the tables of the New York Heart Association and 
in electrocardiographic textbooks only up to 20 years. Age trends in adults are 
for clinical electrocardiography perhaps even more important, since most cardiac 
patients are in the older age groups. 


Mo 


A. B. 


Fig. 5.—Electrocardiograms of a young man (S.N., 22 years old—A) and an older man (G.H., 51 years 
old—B), representative of their age groups. 


Comparing 157 normal young men between 18 and 25 years of age, and 233 
men between 45 and 55 years of age, highly significant age differences were found 
in nearly all of the 43 ECG items measured. The results were recently con- 
firmed! with analysis of mean spatial QRS and T vectors; such analysis has the 
advantage of minimizing positional effects in regard to the amplitude and the 
important angle between the QRS and T vectors. Fig. 5 shows the electrocardio- 
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grams of a 22- and a 51-year-old man whose P-R interval, QRS and T amplitudes 
and axes match the means for the young and older age groups as closely as possible 
and are, therefore, truly representative. Five hundred electrocardiograms were 
scanned to find such “‘average’”’ individuals. 

Table I shows the 98 per cent normals limits, determined from their percentile 
distribution, for younger (18 to 25) and for middle aged (45 to 55) people. The 
table is limited to the standard leads because of space limitation. These are to 
the best of our knowledge the only standards determined from the percentile 
distribution. 


TABLE I. EXPECTED RANGE LIMITS FOR 98 PER CENT OF NORMAL POPULATION, 
CALCULATED FROM THE PERCENTILE DISTRIBUTION 


GROUP 


Younger Men (U) | ; | 21.43 | 18.02 
§.19 | 0.00 


Older Men 1) | 13.42 | 18.67 | 11.21 
| 1.58 0.00 


T AXIS | INTERVAL | 


Younger Men (U) | 4.91 | 3.73 | 11.43 | 79.3 
(L) 0.39 |-1.95 | 3.08 |—21.15 


Older Men (U) | 4.67 | 4.81 | 2.88 | 9.67 | 79.45 
(L) | 0.23 | 0.55 |-2.44 | 1.58 |—14.25 


U = upper; L = lower. 


Ninety-two men of the older group were re-examined after an interval of 8 
years, i.e., at the mean age of 58 years, and comparison was made with their 
records at the mean age of 50 years. In regard to relative body weight and 
electrocardiographic characteristics, this group was representative for the total 
group of 233 men. There is a highly significant increase of the P-R interval, 
and decrease of the QRS and T amplitudes (LQRS, = T= sum of amplitudes in 
the 3 standard leads), continuing the age trends from 23 to 50 years (Table II). 
On the other hand, there is no significant change of the QRS axis, and a significant 
reversal of the T-axis trend. It appears that at least 3 adult age groups should 
be separated for ECG standards: young, middle-aged, and old. 

The failure in the presently accepted ECG standards‘ to consider age trends 
in adult population is responsible for a large number of false diagnoses of abnor- 
mality in older people. Since the standards are derived from a younger population, 
a greater proportion of healthy older than younger people will exceed these limits. 


| QRS 
Ry Re Se S3 > ORS AXIS 
0.17 0.01 0.00 | 12.62 |—14.30 
0.01 0.01 0.00 10.20 |—28.9 
( 
P-R 
GROUP T1 T3 ZT Kor 
22.21 462 
11.11 .338 
21.92 | .458 
12.13 
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i'n our material, a P-R interval of 0.21 second was exceeded by 0.6 per cent of 
young men and 3.4 per cent of older men; a 25 per cent Q;: R max. ratio by 3.2 
ind 9 per cent, and a S-T,,2 depression of 0.5 mm. by 2.5 and 7.3 per cent, respec- 
tively. 

Using 0.2 second as upper normal limit for the P-R interval, Fox and asso- 
ciates!® found this value exceeded in 4.9, 7.5, and 37.5 per cent of people in the 
eighth, ninth, and tenth decades, respectively. In apparently healthy people 
over 70 years of age, between 30 and 85 per cent were found by various authors!7-?° 
to exceed the standards derived from young people. This percentage is so large 
as to make these standards meaningless, but they were used as a crude criterion 
for the distribution. Unfortunately, no attempt was made to determine valid 
normal limits from these samples of old population. 

Naturally, the question of the biologic meaning of age trends arises. In 
general, the electrocardiographic age trends toward lower QRS and T voltage, 
and longer P-R interval, are in the direction of abnormality. There is large 
pathologic material to show increasing incidence and degree of arteriosclerotic 
degeneration of the coronary arteries with age. One of the best studies available 
is that of Lober,”! which is of particular interest because the evaluation was based 
on microscopic measurements and was done—although independently—on 
Minnesota population. Therefore, Lober’s and our material is at least geo- 
graphically comparable. That the parallelism between the anatomic (thickening 
of intima and wall, narrowing of the lumen of coronary arteries) and the elec- 
trocardiographic age trends may be a causal relationship was suggested by com- 
parison with a sample of men in Italy.” There were no significant electrocardio- 
graphic age trends between young and middle-aged Italian men, corresponding 
to the evidence that theer is a much lower incidence of coronary arteriosclerosis 
and coronary artery disease in Italy than in the United States. Furthermore, 
statistically significant group differences were found in 5 out of 7 analyzed ECG 
items between middle-aged healthy men and patients in the initial phase of coro- 
nary heart disease, with normal resting ECG but with typical history of angina 
pectoris and abnormal response to exercise. These differences were in the direc- 
tion of normal age trends. Recently, Kipshidze* found a close parallelism be- 
tween the decrease of the QRS voltage and the development of diffuse cardio- 
sclerosis in rabbits with alimentary hypercholesteremia. 

The probable relationship of ECG age trends to myocardial degeneration 
may appear to justify use of normal standards derived from young adult men for 
all age classes, since the age trends would imply deterioration from the physio- 
logic peak of health. The main purpose of the normal standards, however, is 
the differentiation of patients from healthy population of the same age. If 
standards from normal young adult population are used for older population, 
physiologic age trends in healthy people and pathologic changes may be confused. 

Relative Body Weight.—While the effect of relative body weight (obesity- 
emaciation) has been appreciated by electrocardiographers for some time, no 
precise information was available prior to our study.” The relative body weight, 
determined from the height-weight tables of the medico-actuarial investigation,” 
is an important variable for the normal ECG, more so in older men than in 
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younger men; significant continuous weight trends were found in 3 times as many 
ECG items in the older men, and the slope of these trends was steeper. There 
was a trend to lower amplitudes and left-axis shift in QRS and particularly in 
T with increasing relative body weight. Age trends and relative body weight 
trends are, therefore, synergistic to a large extent. 

A weight correction for normal standards—underweight (< 95 per cent 
relative weight); normal weight (95 to 105 per cent); and overweight (> 105 
per cent)—will narrow down the range of variation for each specific weight group, 
and thus improve the recognition of pathologic changes. A gross estimate of 
relative body weight would work out probably quite statisfactorily since the 
weight correction is more important for the extremes of relative body weight. 

Table III shows the weight corrected 98 per cent of normal limits for the 
3 standard leads (precordial leads are omitted because of space limitations). The 
size of the weight groups was somewhat small for adequate consideration of 
skewness in the frequency distribution and, therefore, the limits in Table III 


TABLE III. Upper(U) AND Lower (L) Limits For 98 PER CENT OF UNDERWEIGHT (A), 
NORMAL WEIGHT (C), AND OVERWEIGHT (E) in NORMAL MEN 


WEIGHT GROUP 


Older Men 


12. 
14. 


| 
| 


COW DO 


| 
w 


*A: below 86 per cent of normal weight. 
**C: 95 to 105 per cent of normal weight. 
***E: above 114 per cent of normal weight. 
Items with weight trends in standard leads. 


| 
ITEM a* c** E*** 
U | L U L | U L 
| | | 
Young Men 
| | 
R, 8.04 | 0.00 9.92 0.00 13.73 | 0.00 
R; 18.20 | 0.00 17.34 0.00 =: ae 0.00 
Ti 0.77 4.25 0.71 | 5.87 0.61 
Ts; 4.36 | —0.67 3.30 —1.46 $3.22 | —2.0 
T axis $7.35 | 36.35 80.27 5.85 82.59 | —18.85 
QRS axis 115.62 | 24.98 110.23 25.56 108.03 | 11.57 
Ry AT | 0.00 B°: 09 | 13.45 | 1.45 
Re 18.50 1.40 48 .68 12.35 0.83 
R; 18.78 | 0.00 9.11 .00 8.57 0.00 
S> 40 | 0.00 2.88 | .00 2.08 0.00 
S; —_ 1 0.00 7.48 | .00 6.96 0.00 
T, 59 | —0.27 4.07 | .53 3.81 0.37 
Ts | 85 | 0.75 | 4.04 —0.12 
Ts; .38 | —1.32 2.69 | 91 0.91 —2.17 
ray .68 | 1.80 9.02 .38 8.09 1.01 
ORS axis ge 5.33 | 103.04 .60 96.38 — 33.54 
T axis i 11.23 66.50 —18.32 55.74 — 33.50 
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are preliminary. Table III includes only those items where consideration of 
body weight is of importance; for the other items, Table I should be used. Since 
no weight-corrected ECG limits are yet available for women, it is suggested that 
the present data be used for women until specific information can be provided. 

Electrical Position.—The range of distribution of the electrical axes in healthy 
population is tremendous, extending, for the QRS axis, from 118° in underweight 
men to —33° in overweight older men. The electrical axis in the frontal plane 
affects also the pattern distribution in the horizontal plane of the precordial leads." 
The electrical position is therefore an important normal variable and should be 
considered in the specification of normal standards. This is particularly true for 
the unipolar limb leads. In the normal standards for adults in the New York 
Heart Association’s criteria,‘ and in the Electrocardiographic Test Book of the 
American Heart Association,’ all electrical heart positions are lumped together, 
leading to false diagnoses of normality. For instance, for the lower normal limit 
of T in aV1, a value of —4.0 is suggested, which might be acceptable for a vertical 
heart, but would be clearly abnormal for a horizontal heart with positive QRS in 

In Table IV, the age-corrected limits for 98 per cent of healthy male popula- 
tion are given for Vr, V1, and Vr in 3 positional groups. The number of young 
men with horizontal, semihorizontal, and intermediate position was too small 
for determination of normal limits. 

In view of the highly variable augmentation ratio aV:V,”:** separate stand- 
ards must be provided for the V leads and the aV leads. 


VI. TECHNICAL VARIABLES 


Several sources of technical variability add to the biologic variability, 
extending the range limits and interfering with the differentiation between normal 
and abnormal. Reduction of technical variability is, therefore, important for 
the improvement of the diagnostic accuracy of electrocardiography. The valuable 
recommendations of the Committee on Electrocardiography of the American 
Heart Association?’ for standardization of electrocardiographic leads and proce- 
dure are a major step in this direction. 

Intake of Meals.—Of all items listed, the intake of meals is, perhaps, most 
often ignored in clinical routine. However, meal intake produces highly signifi- 
cant ECG changes in normal subjects and particularly in cardiac patients.?*-?9 
Therefore, the failure to consider the meal intake may lead to diagnostic errors 
in either direction. It is suggested either to take the ECG in basal condition or 
at least 2 hours after a light meal (i.e., 1 or 2 slices of toast). 

Error of Measurement.—A certain error of measurement still remains even 
with perfect technique. This error was determined in independent repeat meas- 
urements of the same records by 1 electrocardiographer and was expressed as 
repeat standard deviations.*® Recently, the standard deviations in independent 
repeat measurements of the same records by 2 electrocardiographers were deter- 
mined. The electrocardiograms of the 2 series were not identical. Table V 
shows the comparison of the 2 series in a few selected items. The error of measure- 


94 SIMONSON January, 1988 


ment, expressed as S.D. and coefficient of variability, is significantly larger for 
the 2 electrocardiographers. It is clear that variation within the range of technical 
measurement error has no biologic significance. The measurement of QRS is 
more accurate than the measurement of T, as shown by the ratio of the error 
S.D. to the mean. This is due to the sharper end points and larger amplitude 
of QRS. The error of measurement, in per cent of the amplitude (coefficient of 
variability), increases with decreasing amplitude, and is so large for the S-T 
segment that a substantial part of its variability is due to this source (not shown 
in Table V). 


TABLE V. ERROR OF MEASUREMENT IN SELECTED ECG ITEMS OF ONE AND Two 
ELECTROCARDIOGRAPHERS 


COEFFICIENT OF 
VARIABILITY (%) 


QRS axis 


T axi 


T axis 


Considerations of spatial loop projections are important for amplitudes as 
well as for interval measurements. Intervals are usually measured in the standard 
lead in which they are largest, but it is unlikely that any lead will show equally 
well the initial as well as the terminal parts of the spatial loop. The spatially 
correct ORS interval was determined in 105 healthy men form 3 orthogonal bi- 
polar leads, using a fast-speed, 2-channel machine.*! The first and last deviations 
from the base line in any of the 3 leads were used for the total QRS duration. It 
is about 0.02 second above the conventionally determined. Simultaneously taken 
Leads I, Ve, and II (or III) will give an approximation to orthogonal bipolar 
leads. Correct measurements of intervals is a strong point for introduction of 
3-channel machines in electrocardiographic routine; other points are vectorial 
considerations in the interpretation of scalar leads, and analysis of extrasytoles. 
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Precordial Leads.—The normal range limits for the precordial leads include a 
sreater variability than that of the limb leads interfering with the differentiation 
between normal and abnormal. The anatomic points for the chest lead positions 
are far less reliably defined than are those for the limbs; the distance from the 
heart is extremely variable, and so is the spatial QRS- and T-loop projection on 
any given chest lead position. In addition, there is some technical variability 
in marking the chest lead locations. 

Sokolow and Friedlander’s standards® for diagnosis of left and right ventricu- 
lar hypertrophy are helpful, but not absolutely reliable because of the inclusion 
of heterogeneous elements in their sample (for instance some infants), and the 
determination of the standards from the actual limits. The amplitude limits 
were exceeded not infrequently in our sample of young men, but later experience 
seems to be encouraging (Sokolow*) for the use of these standards in older 
patients. 

In view of the large amplitude variability, amplitude ratios, such as the R/S 
ratio in V;, may have greater value than the absolute amplitudes. Sokolow and 
Friedlander’s standards for amplitude ratios in various chest leads are useful, 
but should be considered as preliminary because of the above-mentioned limita- 
tions in their material and evaluation. Consideration of the distribution skew- 
ness would be very important for determination of normal standards for ampli- 
tude ratios since, in general, the skewness in the distribution of ratios is quite 
extreme. 

Fortunately, the precordial leads are very sensitive to directional qualitative 
changes, and this is obviously their main diagnostic asset. Essentially, the 
interpretation of precordial leads in clinical electrocardiography is mainly a 
pattern analysis, using the normal continuity of pattern changes from V, to Vz 
(or farther to the left or right) as diagnostic criterion. 

In order to provide some quantitative basis for pattern analysis in precordial 
leads, we studied the regional distribution of 9 patterns—rS, T—; rS, T—iso; 
rS, T+; (q)R, T—iso; dR, T—; QR, T—; Or, T—(or rSr’, T—)—in leads around 
the chest at the level of the fourth and fifth intercostal space, following electro- 
cardiographic routine." 

The location of the chest leads was expressed in terms of angles from an 
anatomic center, as determined from 72 chest plates, with the transverse line 
through the center taken as 0° (left side) and 180° (right side). The location of 
each pattern was given in terms of its midpoint, end points, and extent. The 
normal 95 per cent limits for each of these items were calculated for 5 positional 
groups (determined from the unipolar limb leads using Wilson’s criteria** from 
the standard deviations, since the number of subjects in each group was too small 
for the use of the percentile distribution. The total group included 103 healthy 
middle-aged men. In addition, the regional trends of the amplitudes of the var- 
ious deflections were statistically analyzed. There is a continuous trend from one 
pattern to the other, so that any definition of patterns is arbitrary. There is 
a mirrorlike arrangement of patterns around the chest—for instance, the RS, T+ 
pattern usually found between V2 and V, corresponds to a QR, T-pattern on 
the back—in agreement with the dipole hypothesis. The geometrical range of 
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most patterns is quite wide and there is a large degree of overlap. The electrical 
position in the frontal plane affects the pattern distribution in the horizontal 
plane. The distribution of the qR or QR, T-pattern is of some diagnostic conse 
quence because this is usually interpreted as right ventricular preponderance 
when found in V4x to Ver, and as coronary insufficiency or infarct when found in 
V; to Vo. The normal midpoint of these patterns is on the back, but it may ex 
tend normally to Vs and to V;, simulating right ventricular preponderance or 
coronary insufficiency, respectively. There is little doubt that such misinterpre- 
tations have been made in the absence of normal standards. 

Grewin** published normal limits, calculated from the standard deviations, 
for precordial leads, including V;, Vs, and the Nehb leads in samples of the Swed- 
ish population. According to the standards of the New York Heart Association‘ 
for precordial leads in adults, a small inverted T wave in V, is still within normal 
limits. This does not conform to our experience in healthy adult American popu- 
lation and is probably due to the heterogeneous composition of the samples used, 
including patients. 


VII. COMPARISON OF POPULATION SAMPLES FOR GENERALIZATION OF NORMAL 
STANDARDS 


Any given population sample includes a multitude of variables which might or 
might not affect the ECG. The proper procedure for arriving at valid normal 
ECG standards would be to study first a relatively homogeneous group. Stand- 
ards from this group would be valid for comparison of patients who fit into this 
group (age, weight, race, occupation, etc.). The next step would be a comparison 
with other preferably homogeneous population groups of different composition. 
Such comparison would show which variables are relatively unimportant and, 
therefore, may be ignored in setting up normal standards, and which variables 
are significant and, therefore, should be specified in normal limits. Only the 
first steps in that direction have been taken. 

We found no significant differences in the means and standard deviations of 
young men in Minnesota and those in Graybiel’s® large group of young aviators 
(Table VI). It may be concluded that the normal range limits as shown in Table 
I are fairly representative for American young men. In contrast, the mean R 


TABLE VI. COMPARISON OF SELECTED ECG ITEMs IN 3 SAMPLES OF NORMAL YOUNG MEN 
(18 To 30 YEARS) 


(GRAYBIEL ET AL.) 
AVIATORS—1,000 


( 
i 
| 
( 
( 
| 
MINNESOTA—157 MEXICAN—116 
| MEAN S. D. MEAN S. D. MEAN S. D. 
Ri | 4.87 2.42 5.90 | 2.57 4.9 (2.4) 
Rs 11.61 3.63 11.60 3.88 8.8 (3.6) 
R; 7.88 4.35 7.10 4.20 5.2 (4.3) 
Ti 2.46 0.91 2.50 0.88 aun (0.9) 
Te 3.21 Rae 3.30 1.20 2.9 (1.1) 
Ts 0.89 1.22 1.20 1.19 0.7 (1.2) 
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ind T amplitudes of 116 young men in Mexico*’ are lower. The standard devia- 
tions of the Mexican group were not given, but we assumed that the frequency 
distribution probably would be similar to Graybiel’s and the Minnesota group. 
Calculated on this basis by means of the t-test, the lower mean for Re and T2 
in the Mexican sample was statistically significant (Table V1). It must be 
assumed then that standards determined from the Mexican group are not valid 
for population in the United States. Unfortunately, the Mexican group is the 
largest sample used in the standards of the New York Heart Association and in 
the Electrocardiographic Test Book of the American Heart Association, and 
determines, therefore, to a large degree the normal limits given in these tables. 

No sufficiently homogeneous sample of older men from other regions in the 
United States for comparison with the Minnesota group is yet available. We 
compared 81 older Minneapolis firemen with the group of 233 older men with 
sedentary occupations. The mean age of the firemen (48.5 years) was very close 
to the mean age of 50 years in the group of business men. Table VII shows that 
means and standard deviations of selected ECG items in both groups were prac- 
tically identical. It may be concluded that the normal range limits in Table I 
are, at least, fairly representative for the older male population in Minnesota. 

Diagnostic Accuracy.—The diagnostic accuracy of any method can be ex- 
pressed as a ratio of the total number of diagnostic errors (false abnormal and 
missed patients) to the number of correctly diagnosed patients, as checked by 
independent diagnostic methods.** Such analysis was made’ for the diagnostic 
accuracy of Q; and 8 related single items, and of 12 combinations of items, in 
posterior wall myocardial infarction (acute, subacute, and chronic), for (A) 
random male population, (B) hospital mixed population, and (C) hospital male 
population. The incidence of patients with posterior wall infarct was estimated 
to be 1,5, and 10 per cent, respectively, in these 3 groups, based on experience in 
Minnesota normal and hospital populations. 

One of the interesting results is the demonstration that the diagnostic ac- 
curacy of a method depends on the composition of the population sample; it 
increases with the incidence of patients. The diagnostic accuracy is poor for 
all items; even in the most accurate item (the Q/R ratio in aVr of 25 per cent) 
0.7 false diagnoses of posterior infarct will occur for each correct diagnosis in 
population C. In the random population A, 5 false diagnoses will occur for each 
correct diagnosis. The combinations of items improved the diagnostic accuracy 
for population A, but not for population C. Surprisingly enough, an inverted 
T, did not add much to the diagnostic accuracy. In a sample of patients with the 
clinical impression of coronary heart disease, the diagnostic accuracy would be 
substantially higher than in populations Band C. The actual electrocardiogra- 
phic diagnosis of infarct is better than would appear from these data because 
the typical evolution of patterns can be followed in serial tracings. 


VIII. TOLERANCE TESTS 


Some patients will always fall into the normal range limits. This is especially 
true for the initial phase of coronary artery disease. The coronary blood supply 
may be sufficient for resting conditions but becomes inadequate for superimposed 
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physiologic stress, producing an abnormal ECG. Several types of physiologic 
stress have been used for the diagnosis of latent coronary insufficiency: exercise 
(reviewed by Scherf and Schaffer*® and by Simonson and Keys*®), anoxia,*! ergo- 
novine® or related drugs. In view of the absence of statistical evaluation in 
adequate normal samples, the interpretation of these tolerance tests has become 
quite arbitrary, although it is not doubted that a definitely abnormal response 
can be diagnosed. 

One of the objections against the 3 types of tolerance tests is the poor defi- 
nition of the physiologic load. The 2-step test**:** is of so short duration that no 
steady state is attained. The variability of the physiologic load during the inital 
period of increasing oxygen consumption is far greater than during the steady 
state of exercise. Breathing 10 per cent oxygen mixtures does not produce a 
constant depression of arterial oxygen saturation; and in drug tests the individual 
sensitivity to drugs is a complicating factor. None of these tests is without risk; 
it is, indeed, curious to observe that the proponents of one type of these tolerance 
tests claim safety in that particular test and a definite risk in the other types. 

Walking on a treadmill at moderate speed and grade is safer than performing 
the step test, since walking is more moderate and more nearly similar to ordinary 
activity, and the physiologic load can be quite accurately predicted from body 
weight, speed, and grade. However, a treadmill is available only in very few 
hospitals and laboratories. Therefore, a simple test, such as a step test, is 
needed for clinical application on a wider scale. A critical discussion of normal 
standards for the exercise tolerance test, together with normal limits for walking 
and a step test, was presented recently.*° 

Patients with old myocardial infarction and, consequently, with definite 
coronary heart disease may have a normal response to exercise (false normal), 
and some apparently healthy individuals may show an abnormal response. 
These false abnormal responses were believed to be on a neurotic basis,*® but the 
neurological differentiation was not always convincing. Attempts to differentiate 
the false abnormal responses by ergotamine and similar preparations are ques- 
tionable.*° The claim that a negative 2-step test excludes coronary disease in 
95 per cent*-** is an exaggeration. Due to the fairly large overlap of normal and 
patients’ distribution none of the tolerance tests can possibly achieve so high a 
degree of separation. There is no question, however, that an abnormal response 
is much more likely to occur in a patient than in a healthy individual. None of 
the tests is specific for latent coronary heart disease, but the probability of an 
abnormal tolerance response is undoubtedly greater in coronary heart disease 
than in any other disease. , 

The tolerance tests permit an earlier recognition of coronary heart disease 
than would otherwise be possible. In our follow-up studies of 300 originally 
healthy older men, the development of an abnormal exercise test may precede 
the development of abnormalities in the resting ECG from '% to 3 years. On 
the other hand, in 1 of our subjects, resting and exercise ECG were normal 
in 5 annual checkups, but the patient died from myocardial infarction 2 weeks 
after the last examination. 
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Physiologic stress tests are not suggested for patients with abnormal resting 
ECG, because the additional information is too small to justify the increased 
risk in such patients. Furthermore, the normal standards for tolerance tests 
refer to a normal resting ECG, and are a questionable reference point for toler- 
ance tests of patients with abnormal resting ECG. For instance, the reversal 
of an abnormally inverted T in exercise has no parallel in normal persons, but is 
undoubtedly abnormal, since similar changes occur in subendocardial ischemia 
produced by spontaneous angina pectoris. 

The element of risk, clinically as well as legally, is smallest in the meal test,?9-*° 
which we would suggest before using the more severe stress situations. Further 
advantages are the availability of normal standards, and the fact that variation 
of the calorie content of the test meal between 900 and 1,500 calories, composition 
of the meal, and testing time between 30 and 60 minutes after the meal are not 
critical. 

In patients with subjective discomfort after the meal, the response was 
always abnormal, but only about 5 per cent of patients experienced discomfort. 
The abnormal response, therefore, does not depend on subjective discomfort. 

An interesting, but still largely unexplored field is the stress test in reverse. 
Assuming that a certain ECG abnormality is due to a specific pathologic con- 
dition, a procedure known to relieve this condition will have diagnostic merit. 
As an example, the pattern of subendocardial ischemia in spontaneous or experi- 
mental angina is almost immediately improved by nitroglycerin. We have tried 
the effect of 50 per cent and 95 per cent oxygen mixtures and of nitroglycerin on 
chronic ST-T abnormalities of patients with coronary disease, but the results 
were not encouraging. 

Wasserburger*’? used Pro-Banthine for differentiation of functional from 
pathologic T inversion in emotionally unstable or excitable persons. The results 
appear to be encouraging, but no controls of Banthine application to patients 
with T inversion in definite cardiac pathology were made. 

Repeat Variability—Knowledge of the normal day-to-day variability is im- 
portant for any conclusion as to whether electrocardiographic changes in the 
same patient are due to chance variability or to a change of the condition of the 
heart. Thus, abnormally large changes, exceeding the expected normal limits, 
could serve as a criterion of abnormality, whether the changes are within or out- 
side the wide normal range limits. 

We studied day-to-day variability in 12 normal young men who were investi- 
gated 2 or 3 times a week for a period of 3 months,*° and the repeat variability 
of conventional and vectorial ECG items for the interval of 1 year in 50 older 
men.*° 

Table VIII shows the variations in V;, V2, and V, of a patient (D.B.) on 
3 occasions. The decrease of the T wave exceeded considerably the normal limits 
of variability, especially in V., although each ECG was within normal limits. 
The normal variability of the QRS complex and the fact that the T-wave changes 
occurred in all precordial leads excludes different electrode position as an impor- 
tant factor in this case. The patient, a 63-year-old woman, had had a typical 
attack of severe coronary insufficiency. 
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The variability due to different placement of chest electrodes can be elimi- 
nated, at least in hospitalized patients, by the use of indelible ink to the chest 
points. 

The repeat variability of the ECG in 30 coronary patients with abnormal 
resting ECG over a period of 6 weeks” was significantly higher than that in the 
healthy controls. Patients with acute episodes of severe coronary insufficiency 
or with myocardial infarct were not included. The repeat variability of 15 coro- 
nary patients with normal ECG and abnormal exercise tolerance test was sig- 
nificantly increased only in the T axis, which seems to precede the development 
of frank abnormalities in the electrocardiogram. The results are encouraging 
for use of the repeat variability— inside or outside the normal range limits—as 
a diagnostic criterion. 


SUMMARY 

The sources of electrocardiographic variability are discussed in regard to 
their effect on the diagnostic differentiation between healthy individuals and 
patients with cardiac pathology. The principles involved are illustrated by the 
frequency distribution in a sample of healthy men and a sample of patients with 
posterior wall infarct. Due to skewness of the frequency distributions in some 
electrocardiographic items, normal limits should be expressed in terms of per- 
centiles, not of means = multiples of standard deviation. Such limits are pre- 
sented for normal young and normal older men, together with a weight correction 
for electrocardiographic standards. For unipolar limb leads, normal limits with 
correction for the electrical position are given. Data on other sources of vari- 
ability are presented, including the error of measurement and day-to-day vari- 
ability. 
APPENDIX 

The Q-T Interval.—The dependence of intervals on the heart rate is a complicating problem, 
particularly for the Q-T interval, in the determination of normal standards. Plotting the Q-T 
interval versus heart rate, the curvature is slight and the individual scatter is large. Consequently, 
many different equations have been suggested to express this relationship, and they all seem to 
hold equally well for the various samples from which they have been derived. In the United 
States, Bazett’s*® square root formula, and in Europe, the cubic root formula is generally used. 
Even more disturbing than the lack of international agreement is the time lag in the adaptation 
of the Q-T interval to the heart rate. In sinus arrhythmia and premature auricular beats, the 
Q-T interval does not follow the variations of the R-R interval. The time lag has never been 
systematically studied, but may be quite large, for instance, up to several weeks during semistarva- 
tion and subsequent rehabilitation.*° In other conditions, it may be shorter, but preceding episodes 
of tachycardia or bradycardia should be known at least 24 hours before evaluation of the Q-T 
interval. Use of the Q-T interval in exercise®! with so rapid a change of the heart rate is therefore 
questionable. Kiihne® maintains that the relationship between the R-R and Q-T interval is 
different in rest and exercise tachycardia. It appears that the Q-T interval evaluation is less 
accurate than that of most other ECG items. From the frequency distribution in our material 
of 500 normal men, we suggest for heart rates between 50 and 100 an upper limit of Ker of 0.44 
second, which is somewhat higher than that proposed by other authors. 


The problem of ‘“‘Electrocardiographic Criteria of Normality”’ was first presented at a Staff 
Meeting of the University of Minnesota Hospitals, in March, 1952. Since then, additional ma- 
terial has been accumulated, and the problem has ripened in numerous discussions with Dr. 
A. Keys, Dr. R. Berman, Dr. J. Brozek, and Dr. H. Taylor. I wish to thank them for their 
continued interest and encouragement in the progress of this work. 
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The Magnitude and Orientation of Ventricular 
Excitation Vectors in the Normal Heart 


and Following Myocardial Infarction 


J. A. Abildskov, M.D., B. L. Hisey, B.A., and W. E. Ingerson, M.E.E. 
Syracuse, N.Y. 


Conventional electrocardiographic leads reflect projections of the heart’s 
electrical activity on individual axes, and their form is influenced by both magni- 
tude and orientation of the activity. The spatial vectorcardiogram combines 
projections of electrical events synchronously in such a form that magnitude 
and orientation of electrical events can be separated. These features make 
it possible that vectorcardiograms may provide useful information in addition to 
that furnished by the electrocardiogram.' Study of the vectorcardiogram has 
been handicapped, however, by the difficulty of representing time in the records. 
This deficiency has limited the application of quantitative methods, so that the 
range of normal variation and specific deviations from the normal have been 
difficult to define. 

The major advantages of the vectorcardiogram can be retained and temporal 
relations adequately represented by recording the heart’s electrical activity as 
simultaneous traces of spatial magnitude and orientation about 2 axes.?-> Such 
records permit many measurements which can be made only imperfectly and with 
considerable difficulty on the conventional electrocardiogram or vectorcardio- 
gram. The present study was undertaken to investigate the possibility that some 
of these quantities might be sufficiently different in normal records and in those 
of patients with infarction to suggest their usefulness in recognition of infarction. 


MATERIALS AND METHODS 


Forty-four normal subjects and 20 patients with old myocardial infarction were studied. 
The normal subjects were in the age range of 18 to 44 years, and the patients with infarction 
varied between the ages of 35 and 65 years. Eleven patients had the electrocardiographic findings 
of posterior infarction, and 9 had anterior or anterolateral infarction. 
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Simultaneous traces of the spatial magnitude, frontal plane and anteroposterior orientation 
of electrical events in the heart were obtained with a computer designed for this purpose. The 
computer made use of 20 ke. carrier frequencies which were amplitude modulated by signals repre- 
senting horizontal (X), vertical (Y), and anteroposterior (Z) components of the heart vector. 
Summation amplifiers driven with appropriate modulated carriers performed the calculation 


Vv x°+ y°+ 2 to yield the spatial magnitude curve. Appropriate phase detection employing 


modulated and unmodulated carrier frequencies yielded the quantities sin 


~ 


represented the conventional angle @ in the frontal plane and sin-!_ ———————— which repre- 

2+ 2 
sented the angle of the cardiac vector about an anteroposterior axis (8). The traces of spatial 
magnitude, a and 8, were recorded simultaneously at a paper speed of 24 inches per second by 
oil-damped galvanometers. The frequency response of the entire system was 300 cycles per second. 
The gain of the computer was varied to obtain maximal resolution of the magnitude trace. Frontal 
plane orientation was represented on a scale of 0 to 180 degrees, as is conventional in electro- 
cardiography, and anteroposterior orientation on a scale of —90 to +90 degrees, with positive 
values indicating vectors directed posteriorly. A differentiating circuit was employed to obtain 
an additional trace reflecting rate of change of spatial magnitude with time in 30 of the normal 
records and in all records of patients with infarction. 


tot 0.4 ( 


ty +0.4(ty-t)) 


~~ 


Fig. 1.—Measurements employed in the analysis of ventricular activation portions of the curves 
of spatial magnitude. The maximal height of the curve is shown by hm. Width is indicated between 
points t, and T»2 located at 10 per cent of the maximal height. Rise time is indicated between t, and 
T; and fall time between T; and T2. The height of the curve at 40 per cent of the rise time is shown by 
h, and the height at 40 per cent of the fall time by he. In these studies h; and ho were expressed as per 
cent of maximal height. 


Tracings were obtained from each subject with two methods of electrode placement. One of 
these was the equilateral tetrahedron in which Lead I represents the horizontal, Vy the vertical, 
and Vx, the anteroposterior component of the heart vector. Standardizing factors appropriate 
to this system were employed.* The other electrode system was that devised by Frank,’ in which 
selected electrode sites on the thorax and neck and an electrode on the left leg are employed in 
specific combinations with specific resistive networks to obtain X, Y, and Z components of the 
heart vector. 

The general form of all records was inspected and the major differences noted. The portions 
of the curves reflecting orientation of the heart vector during ventricular excitation were classified 
as monotonic or specific varieties of inflected curves. The width of ventricular activation portions 
of the magnitude curves was measured between points having 10 per cent of the maximal ampli- 
tude. Total duration of ventricular activation was not measured since, with the paper speed 
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employed, the onset and termination of this process were not abrupt. Measurements of the rise 


time of ventricular activation portions of the magnitude curves were made from the 10 per cent 
point on the ascending limb to the peak amplitude, and fall time was measured from the peak 
to 10 per cent point on the descending limb. Kurtosis (maximal amplitude/width) and skewness 
(rise time — fall time/rise time + fall time) of ventricular activation portions of the magnitude 
curves were calculated. Other measurements obtained on the ventricular activation portions of these 
curves were the per cent of maximal amplitude which was reached at 40 per cent of the rise time 
and the fall time. All measurements employed in the analysis of ventricular activation portions 
of the magnitude curves are illustrated in Fig. 1. The significance of differences in the mean 
values for duration, maximal amplitude, kurtosis, skewness, and per cent amplitude at 40 per cent 
of the rise time and fall time between normal records and records of patients with posterior infarc- 
tion and anterior infarction was examined statistically with Student’s “‘t’’ test. 


RESULTS 


Examples of normal traces of spatial magnitude, frontal plane and antero- 
posterior orientation of the heart vector as functions of time are shown in Fig. 2. 
Spatial Magnitude——The mean values of several of the measurements of 
ventricular activation portions of normal records were significantly different from 


ii 


Fig. 2.—Linear time scale traces of spatial magnitude (R), frontal plane orientation (a), anteropos- 
terior orientation (8), and the first time derivative of spatial magnitude (R) from normal subjects. Rec- 
ords A and C were obtained with the equilateral tetrahedron electrode system, and Band D with the 
Frank lead system. Records C and D were obtained from the same subject. The angular scales for 
frontal plane orientation are shown on the left of the figure and those for anteroposterior orientation on 
the right. Calibrations for the spatial magnitude curves are shown by the crosshatched bars. 
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those of patients with posterior infarction. With both electrode systems em- 
ployed, the records of posterior infarction showed longer duration, smaller maxi- 
mal amplitude, less kurtosis, and a greater per cent of maximal amplitude at 
40 per cent of the rise time than did normal records. Skewness and per cent 
amplitude at 40 per cent of the fall time were not significantly different in these 
groups. 

The magnitude curves of patients with anterior or anterolateral infarction 
showed fewer significant differences from normal records. In records obtained 
with the Frank system, the maximal amplitude was significantly smaller, and 
the per cent amplitude at 40 per cent of the rise time was larger in records of 
infarction than in normal records. Records obtained with the tetrahedron showed 
no significant difference of the parameters evaluated. The measurements of 
the magnitude curves are summarized in Tables I and II. 


The form of the magnitude curves during ventricular excitation was variable 
in both normal records and those of patients with infarction. Some of the varia- 
tions in normal records are illustrated in Fig. 3,4. Many curves showed notches 
representing variations in spatial magnitude which were not evident from in- 
spection of electrocardiographic leads, and the most marked examples of such 
notching were in records of patients with infarction. 


ARAN 


-180 - 


-30o- 


Fig. 3.—Representative normal curves of spatial magnitude and orientation of the heart vector 
during ventricular excitation. Curves of spatial magnitude obtained with the equilateral tetrahedron 
are shownin A. Varieties of curves reflecting frontal plane orientation with the equilateral tetrahedron 
reference system are shown in B. The sudden steps in these curves indicate vectors crossing the +180 
degree axis and, since these steps are meaningless, Curves 1 and 2 have been classified as monotonic. 
Curves 3 and 4 illustrate the types of inflected curves of anteroposterior orientation found in this study. 
C shows 2 curves of anteroposterior orientation, from the same subject. Curve No. 1 was obtained with 
the equilateral tetrahedron and No. 2 with the Frank electrode system. 
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No consistent differences in the magnitude derivative curves of normal 
subjects and patients with infarction were noted. The greater magnitude of 
early ventricular excitation vectors in the records of some patients with posterior 
infarction was reflected in the derivative curves as a greater rate of change of 
magnitude during this period than occurred in most normal records. 


Frontal Plane Orientation.—The widely variable orientation of vectors in this 
plane during ventricular excitation was reflected by the quantitative details of 
the traces of this quantity. Despite the variability of details, both normal and 
abnormal traces obtained with the electrode systems employed could be qualita- 
tively categorized into monotonic and two varieties of inflected curves. These 
types of curves are illustrated in Fig. 3,B. 


The same features of ventricular excitation which are recognized as evidence 
of anterolateral or posterior infarction in standard and unipolar limb leads of 
the ECG were evident in the traces of frontal plane orientation and spatial magni- 
tude. Posterior infarction evidenced by large Q waves in Leads II, III, and 
aVr was reflected in the traces of frontal plane orientation by early vectors 
between —30 and —90 degrees while the simultaneous magnitude curve showed 
large values. This finding is illustrated in Fig. 4. The same information which 
is reflected by the large Q waves in Leads II, III, and aVy in the ECG and by 


TABLE I. SUMMARY OF MEASUREMENTS OF SPATIAL MAGNITUDE CURVES OBTAINED WITH THE 


TETRAHEDRON 
POSTERIOR | ANTERIOR 
NORMAL INFARCTION INFARCTION 
Range 0.040 — 0.090 | 0.061 — 0.096 0.044 — 0.081 
Width Average 0.062 0.080 0.062 
Second S. D. 0.012 0.015 0.013 
P — < 0.001 > 0.05 
Maximal Range 0.58 — 2.74 0.42 — 1.87 0.63 — 1.25 
Amplitude Average 1.40 0.85 0.97 
(mv.) S. D. 0.56 0.39 0.16 
P — < 0.001 > 0.05 
Range 0.73 — 5.23 0.48 — 1.95 0.48 — 1.95 
Kurtosis Average 2.58 1.02 1.64 
S. D. 1.51 | 0.37 0.48 
P — < 0.001 > 0.05 
Range —0.65+ 0.54 -0.45+ 0.15 —0.20+ 0.41 
Skewness Average —0.07 —0.13 —0.03 
S. D. 0.22 0.24 0.24 
P — > 0.05 > 0.05 
Per cent Range | 5— 45 iS — 55 5 — 45 
Amplitude at | Average 18 36 26 
40% Rise S. D. 9.4 11.4 12.6 
Time — < 0.001 .05 > P > .025 
Per cent | Range | 5 — 65 17 — 65 10 — 75 
Amplitude at Average | 34 35 37 
40% Fall S. D. 16.1 17.5 18.1 
Time P — > 0.05 > 0.05 
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initial vectors directed upward and to the left in the VCG is represented in the 
traces of magnitude and frontal plane orientation by initial vectors located be- 
tween —30 and —90 degrees at the same time that the magnitude curve shows 
large values. Anterolateral infarction manifest by large Q waves in Leads I 
and Vy was indicated by frontal plane orientation curves in which initial vectors 
were located between + 90 and + 180 degrees while the magnitude curve showed a 
large value. 

Anteroposterior Orientation—Normal curves of anteroposterior orientation 
during ventricular excitation were qualitatively similar. Typical curves are 
shown in Fig. 3,C. As shown in that figure, there was a gradual curve downward, 
indicating vectors directed anteriorly during the early phases of ventricular 
excitation. This was followed by a gradual rise reflecting vectors sweeping pos- 
teriorly. There were quantitative differences in records obtained with the tetra- 
hedron and the Frank electrode systems. The total range of orientation about 
the anteroposterior axis was generally greater in records obtained with the Frank 
system, and the vectors of greatest magnitude were usually directed posteriorly. 
In records obtained with the tetrahedron the vectors of greatest magnitude were 
directed only slightly forward or backward. 


TABLE II. SUMMARY OF MEASUREMENTS OF SPATIAL MAGNITUDE CURVES OBTAINED WITH THE 
FRANK ELECTRODE SYSTEM 


POSTERIOR ANTERIOR 
| NORMAL INFARCTION INFARCTION 
| | 
Range 0.046 — 0.082 | 0.062 — 0.090 0.042 — 0.086 
Width Average | 0.065 0.075 | 0.066 
Second S. D. 0.009 0.012 0.014 
@. — | 0.005 > P > 0.001 | > 0.05 
Maximal | Range 0.75 — 2.75 0.56 — 2.00 1.00 — 1.33 
Amplitude | Average 1.69 1.18 | 1.18 
(mv.) | §.D. 0.47 0.47 0.15 
P — < 0.001 | 0.005 > P > 0.001 
Range 0.96 — 4.90 0.67 — 2.78 1.43 — 3.50 
Kurtosis Average 2.64 1.56 1.96 
S. D. 0.89 0.59 0.70 
< 0.001 > 0.05 
Range —0.50+ 0.40 —0.42+ 0.09 —0.39 + 0.16 
Skewness Average —0.06 —0.20 —0.09 
S. D. 0.18 0.15 0.16 
4 — 0.02 >P>0.01 > 0.05 
Per cent Range 4— 34 17 — 50 13 — 36 
Amplitude at Average 18 28 26 
40% Rise S. D. 7.3 10.5 9 
Time P < 0.001 0.02 >P>0.01 
Per cent Range 18 — 87 12 — 68 12 — 65 
Amplitude at Average 42 36 34 
40% Fall S. D. 17.0 18.7 15.1 
Time P _ > 0.05 > 0.05 
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Some of the traces of anteroposterior orientation obtained with both elec- 
trode systems from patients with infarction differed markedly from those of 
normal subjects. Among the 9 records from patients with anterior or anterolateral 
infarction, 7 traces indicated vectors directed posteriorly during the entire period 
of ventricular excitation between 10 per cent points on the magnitude curves. 


Fig. 4.—Electrocardiogram, vectorcardiogram, and linear time scale records of spatial magnitude 
and orientation of the heart vector from a patient with posterior myocardial infarction. The vector- 
cardiogram shown in B and the record shownin C were obtained with the equilateral tetrahedron refer- 
ence system, and the record shown in D was obtained with the Frank electrode system. The traces, 
angular scales, and magnitude calibration are labeled as in Fig. 2. 


Three of these patients had roentgenographic evidence of left ventricular enlarge- 
ment which might account for such orientation of vectors, but the remaining 4 
had no evidence of such enlargement. Four records from patients with posterior 
infarction showed a similar orientation of vectors, and all of these patients had 
roentgenographic evidence of left ventricular enlargement. 
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DISCUSSION 


One approach to improved cardiac diagnosis from records of the heart’s 
electrical activity is recording this activity in forms other than the conventional 
electrocardiogram. Although changing the form in which the activity is displayed 
does not alter the basic nature of the information being recorded, the availability 
of certain aspects of the data can be altered markedly. In the present study, re- 
cording the magnitude and orientation of electrical events as functions of time per- 
mitted several measurements that would be difficult to make on conventional 
vectorcardiograms or electrocardiograms, even if these were recorded at higher 
than usual paper speed. For example, the magnitude of the maximal vector could 
be obtained only from simultaneous ECG leads reflecting X, Y, and Z components 
of the cardiac vector, by locating that time at which the quantity ¥ x?+ y?+ 2 
had its greatest value. To obtain the same quantity from plane projections of the 
vectorcardiogram, it would be necessary to relate these projections temporally and 
find that combination of vectors which appropriate calculation showed were 
projections of the largest vector. The other measurements employed in this 
study yield quantities which are similarly difficult to obtain from the electro- 
cardiogram or vectorcardiogram. Since some of these quantities were signifi- 
cantly different in normal records and in records after infarction, it seems possible 
that they might be useful in the recognition of infarction even when characteristic 
ECG findings are absent. Study of a larger number of patients, including those 
with infarction not manifest by characteristic electrocardiographic findings, will 
be necessary to support this possibility. Autopsy data also will be necessary to 
confirm the presence and location of infarction and to evaluate the effects of 
lesions other than infarction on the records being studied. Since the instrumen- 
tation to obtain these records is necessarily more complex than conventional elec- 
trocardiographs, significant improvement in cardiac diagnosis will be necessary 
to justify widespread use of such records. 

The exact mechanism of the differences in normal spatial magnitude curves 
and those reflecting infarction is unknown, but certain possible explanations of 
some of the differences can be given. If at a given moment during ventricular 
activation the mean instantaneous vector is considered to be the resultant of 2 
vectors, the effect of infarction in the areas responsible for each of these vectors 
can be predicted. The instantaneous vector may be either increased or decreased 
by loss of 1 of the 2 vectors which are being assumed to be acting. If the angle 
separating the 2 vectors (0) is acute, loss of either vector will decrease the magni- 
tude of the resultant vector. If the angle between the 2 vectors is obtuse and the 
ratio of the 2 has a magnitude greater than 2 cos @, loss of the smaller vector will 
increase the magnitude of the mean instantaneous vector. In this study there 
was evidence that both situations outlined may apply to myocardial infarction. 
In posterior infarction the average magnitude of vectors during the initial por- 
tions of ventricular excitation was of larger magnitude than that in normal 
records, while the average maximal vector during ventricular depolarization was 


decreased by infarction. 
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The greater average width of the ventricular activation portions of magni- 
tude curves from patients with posterior infarction may have been due partially 
to the method of measurement. With film speeds employed in this study, the 
onset and termination of ventricular activation were not abrupt, so that it was 
necessary to choose arbitrary points between which duration was measured. 
Since early vectors occurring with posterior infarction seemed to be larger than 
normal vectors, as indicated by the greater per cent of maximal amplitude reached 
at 40 per cent of the rise time, the magnitude curves of infarction may have 
reached the 10 per cent point on the ascending limb earlier than did normal 
records. It was not possible to assess the role of this factor in prolonging the width 
of curves between 10 per cent points, but it appears unlikely that the degree of 
prolongation seen in records of infarction was due to this factor alone. 


The finding that most records of patients with anterior or anterolateral 
infarction showed vectors directed posteriorly during most of ventricular acti- 
vation is of special interest. This represents the expected finding with a decreased 
muscle mass anteriorly; however, with an increased muscle mass posteriorly, 
left ventricular enlargement might be expected to produce a similar finding. 
Some records with this finding were from patients with roentgenographic evidence 
of left ventricular enlargement, and the relative roles of infarction and enlarge- 
ment in producing the finding could not be assessed. Other records were from 
patients with no evidence of cardiac enlargement, and the posterior orientation 
of vectors was due probably to anterior infarction. Further study will be neces- 
sary to determine whether anterior infarction can be recognized and differentiated 
from left ventricular enlargement in traces of the type described with either or 
both of the lead systems employed. 

The differences in records obtained with the two electrode systems employed 
in this study have no direct bearing on the validity of either system. Normal 
records and records of patients with anterior infarction obtained with the Frank 
system showed significant differences in the maximal amplitude and the per cent 
amplitude at 40 per cent of the rise time, while records obtained with the tetra- 
hedron did not show such differences. Further studies of greater numbers of 
patients will be necessary however, to determine the place of the Frank electrode 
system in clinical electrocardiography and vectorcardiography. 


SUMMARY 


Recordings of the heart’s electrical activity as curves of spatial magnitude, 
frontal plane orientation, and orientation about an anteroposterior axis were 
obtained on 44 normal subjects and 20 patients with myocardial infarction. Rec- 
ords were obtained with the equilateral tetrahedron reference system and the 
precordial lead system of Frank. 

The information known to be clinically important in standard and unipolar 
limb leads of the electrocardiogram was present in easily recognizable form in 
the new records. The normal and abnormal records also showed significant differ- 
ences in several parameters which could not be easily evaluated from the conven- 
tional electrocardiogram or vectorcardiogram. The spatial magnitude curves 
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from patients with posterior infarction had significantly greater duration and 
smaller maximal magnitude of ventricular excitation portions of the curves. 
Kurtosis was significantly smaller, and the per cent of maximal amplitude reached 
at 40 per cent of the rise time of ventricular excitation portions of the magnitude 
curves was larger in records of patients with posterior infarction. In records of 
patients with anterior infarction obtained with the Frank electrode system, the 
maximal amplitude was significantly smaller and the per cent amplitude at 40 
per cent of the rise time of ventricular excitation portions of the magnitude curves 
was significantly larger than in normal records. 
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Clinical Experience With Amisometradine 
(Rolicton*) on Ambulatory Patients 


Martin S. Belle, M.D., Miami, Fla. 


INTRODUCTION 


Investigators in the field of diuretic therapy have long sought a substance 
capable of combining sustained, potent diuretic activity with safety and oral 
effectiveness. The difficulty of maintaining adequate diuresis presents a major 
clinical problem, particularly in patients with congestive heart failure. Control 
of the edema of congestive heart failure usually requires continued administration 
of diuretic therapy over long periods and, in such long-term administration, the 
limitations of standard diuretic medication are a serious handicap. 

The most commonly used diuretic compounds are the mercurials, the xan- 
thines, a sulfonamide (Diamox), and ammonium chloride. Each has its own 
advantages and disadvantages but, in general, the limitations involve a certain 
incidence of serious side reactions, idiosyncrasy or actual toxicity, development 
of tolerance or tachyphylaxis, and electrolyte depletion. Furthermore, many of 
these compounds are ineffectual or contraindicated when liver or kidney involve- 
ment is present. 

The objections to parenteral mercurial preparations are thoroughly docu- 
mented. While mercurials are admittedly the most potent diuretics, their use 
is also associated with the highest incidence of undesirable side effects, including 
potential toxicity on continued administration. Moreover, when mercurials are 
given parenterally, the therapy is costly and inconvenient, factors of interest to 
physician and patient alike, especially when long-term maintenance therapy is 
necessary. These disadvantages to the frequent use of mercurials intensify the 
need for an agent potent enough to replace or at least reduce the number of mer- 
curial injections required. 

Others of the commonly employed diuretics possess fewer contraindications 
than the mercurials but also provide less diuretic efficacy. The xanthine com- 
pounds, while relatively safe, are of limited benefit because of their relatively 
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weak diuretic activity, although they are frequently useful to support the action 
of other diuretics. Ammonium chloride also augments the diuresis of other 
agents. Used alone, however, its effectiveness is limited to 3 or 4 days, by which 
time fastness develops; in addition, ammonium chloride may precipitate hypo- 
potassemia, making it contraindicated in the presence of renal damage. The 
sulfonamide compound affects diuresis by inhibiting the enzyme, carbonic anhy- 
drase, and at first was enthusiastically received. Further experience, however, 
has established that the potency of this compound is usually not sufficient to 
control severe edema and also that fastness develops with considerable rapidity, 
making an interrupted dosage schedule mandatory. 


NEW DIURETIC PHARMACOLOGY 


One of the newest steps in the search for an improved, orally effective diuretic has been the 
synthesis of several compounds of the aminouracil series. When tested!:? these compounds proved 
to possess potent diuretic activity and a low degree of toxicity. The first such compound intro- 
duced was Mictine, brand of aminometradine, described chemically as 1-allyl-3-ethyl-6-aminote- 
trahydropyrimidinedione. In a number of studies, during which patients with edema of cardiac 
as well as noncardiac origin*-" were treated, Mictine was shown to be a potent, clinically useful 
oral diuretic. However, a certain percentage of patients developed side actions of gastrointestinal 
irritation, limiting its use to some extent.” Hence, further research was undertaken to develop a 
compound which would reduce or eliminate the incidence of gastrointestinal irritation. 

Recently, another aminouracil derivative, Rolicton, has been developed which in animal 
and preliminary clinical studies shows promise of meeting this objective. An isomer of Mictine, 
Rolicton, brand of amisometradine, is 1-methallyl-3-methyl-6-aminotetrahydropyrimidinedione. 
It is a white, crystalline compound and may be represented by the following structural formula: 


Animal studies of the diuretic effect of Rolicton indicate’: that the drug produces a definite 
increase in urinary output, the effect lasting 7 or more hours. In addition, the increase in sodium 
and chloride excretion essentially parallels the increased urine output, resulting in a substantially 
neutral urine. Further studies demonstrate that administration of Rolicton produces no signifi- 
cant change in either glomerular filtration rate or renal plasma flow, although a striking increase 
in output of urine, sodium, and chloride occur. No significant cardiovascular changes or central 
nervous system stimulation were observed in test animals on dosages within the therapeutic range 
of the drug. 

As with diuretics in general, the mode of action of Rolicton is not fully understood. Its effect 
is believed to be that of inhibiting the resorption of the sodium ion by the renal tubule. Histo- 
chemical studies show” that neither succino-dehydrogenase nor carbonic anhydrase is involved. 

Toxicity studies in laboratory animals indicate a high ratio of safety associated with Rolicton 
therapy. No signs of serious side actions or of cumulative drug action were noted even after pro- 
longed administration on high dosages, and no adverse effects on liver, kidneys, or blood-forming 
organs were found. 
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Preliminary clinical investigation of the effects of Rolicton therapy appears to confirm the 
results of these animal studies. As Spencer and Lloyd-Thomas’ have noted, assessment of diuretic 
response in human patients is extremely difficult because of the variable factors involved. Not 
only do patients within a single series differ in such factors as causation of edema, renal function, 
and distribution of body fluids, but individual patients, themselves, may exhibit a considerable 
daily variation in excretion of water and electrolytes. 

In an attempt to resolve these difficulties, Greiner and Gold'*-!7 and their co-workers devised a 
diuretic index designed to enable study of such agents under fairly standardized conditions. Using 
this index in a series of 44 patients, Gold'* evaluated the diuretic activity of Rolicton as well as 
its incidence of side actions. Concerning diuretic potency, the author states that Rolicton “‘is 
the most effective [oral] diuretic we have tested to date."’ At a dosage level of 800 mg. per day, 
only 1 of his series of patients exhibited side actions and that patient had nausea but no vomiting 
or evidence of gastrointestinal irritation. 

Because Rolicton apparently combines potency on oral administration with safety and mini- 
mal side actions, the following study was undertaken* to evaluate the ability of the drug to control 
the edema of congestive heart failure in a series of 25 patients who had been poorly maintained 
on other diuretic medication. 


TABLE I. CHANGES IN PREVIOUS MAINTENANCE DIURETIC THERAPY BROUGHT ABOUT BY 
ADMINISTRATION OF ROLICTON IN 25 PATIENTS WITH EDEMA 
OF CONGESTIVE HEART FAILURE 


| NUMBER OF | 
CHANGE IN THERAPY PATIENTS | PERCENTAGE 


Parenteral mercurial stopped 28 
Other oral diuretic therapy* stopped 32 
Other oral therapy and occasional parenteral mercurial stopped | 8 


Replaced other diuretic therapy completely 68 
Parenteral mercurial required less frequently 24 


Satisfactory response to Rolicton 92 
No appreciable response to Rolicton 
Therapy discontinued because of side effects 


Total number of patients 


*Previous oral diuretic therapy had included ammonium chloride and Diamox in 7 patients, and 
ammonium chloride, Diamox, and xanthines in 1 patient. 


TABLE II. INCIDENCE OF SIDE EFFECTS FROM ROLICTON THERAPY IN 25 PATIENTS 
WITH EDEMA OF CONGESTIVE HEART FAILURE 


| NUMBER OF | 


SIDE EFFECTS PATIENTS PERCENTAG 


No side effects attributable to Rolicton | 21 84 
Nausea on larger dosage; therapy continued at 800-mg. level 3 12 
1 


Nausea and vomiting; therapy terminated 4 


Totals 25 | 100 


*The Rolicton for this study was made available by the Department of Clinton Research, G. D. 
Searle & Co., Chicago, Ill. 
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\WATERIALS AND METHODS 


All of the 25 patients in this series were ambulatory; congestive heart failure attributable to 
various forms of heart disease had been diagnosed in each case. Three of the patients had cor 
pulmonale, 5 rheumatic heart disease, 1 syphilitic heart disease, 7 hypertensive-coronary heart 
disease, and 9 coronary heart disease. They had been followed clinically for varying lengths of 
time ranging from 3 months to 5 years. 

In each case it was possible to compare the effects of Rolicton therapy with previous medi- 
cation administered to control edema. All of the patients had been receiving digitalis and low- 
sodium diets. In addition, their management had required parenteral mercurials, or a combina- 
tion of oral diuretic agents including ammonium chloride, Diamox, and xanthines; in some cases, 
treatment consisted of one or more of these diuretics interspersed with mercurial injections. 

Rolicton was administered in doses of 200 to 400 mg., 4 times a day, depending upon the 
severity of the condition, so that the total dosage range for the series was 800 to 1,600 mg. daily. 
During the first weeks of trial of Rolicton, no other diuretic therapy was used and the patient’s 
progress was followed by determinations of gain or loss in weight. Later, parenteral mercury was 
added if required for the individual patient. To date, the patients in this series have been treated 
with Rolicton for periods of from 3 to 9 months. 


RESULTS 


Table I summarizes the changes in maintenance therapy effected by admini- 
stration of Rolicton, and Table UI, the incidence of side reactions encountered. 
The amount of weight lost ranged from 2 to 10 pounds during the first weeks, 
with an average for the entire series of a little over 5 pounds (5.32 pounds). 


Appreciable diuretic response was obtained in 24 (96 per cent) of the patients. 


The 1 patient who displayed little effect from Rolicton had rheumatic heart 
disease with severe aortic stenosis and died suddenly while under preparation 
for commissurotomy. His loss of weight during the first week of therapy was 2 
pounds, the lowest of the series; he did not experience any side reactions. 

Twenty-three patients (92 per cent) displayed a satisfactory response to 
Rolicton therapy; the drug replaced other oral therapy in all of these patients, 
and in 17 (68 per cent of the whole series) it replaced other diuretic therapy 
entirely. The other 6 patients (24 per cent of the series) still required mercurial 
injections but less frequently than formerly. Of the 17 patients who were able 
to stop all other therapy, 7 (28 per cent) had previously received weekly injections 
of mercurials; 8 (32 per cent) had been maintained on oral diuretic therapy of 
ammonium chloride and Diamox, and in 1 case, ammonium chloride, Diamox 
and xanthines; 1 (4 per cent) had received ammonium chloride and Diamox and 
occasional injections of mercurials; and 1 (4 per cent) had been given mercurials 
and ammonium chloride. 

Three of the patients in this series, 1 with hypertensive-coronary heart 
disease and 2 with coronary disease, had elevations of the nonprotein nitrogen 
blood level to 60 to 80 mg. per cent. These figures did not increase with the use of 
Rolicton. One patient had not been able to tolerate ammonium chloride or 
Diamox and, because of his elevated nonprotein nitrogen level, mercurials were 
used with hesitation. Rolicton made it possible to discontinue mercurial therapy 
in this patient. 
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With the administration of Rolicton, it was found that intermittent dosage 
was unnecessary because the effectiveness of the compound did not alter over 
the period of time that it was in use. In addition, it proved compatible with 
mercurial therapy in those patients who still required occasional mercury injec- 
tions. The only variation in usual dosage occurred when 1 patient had to avoid 
taking the medication before bedtime because its diuretic effect kept him awake 

As can be seen in Table II the incidence of side effects encountered with 
Rolicton therapy was minimal. Twenty-one patients (84 per cent) experienced 
no side effects at all. Three (12 per cent) experienced nausea on the higher dosage 
levels but were able to continue therapy at the 800-mg. level. Only 1 patient 
(4 per cent), who had severe rheumatic heart disease, could not tolerate the drug, 
manifesting nausea and vomiting even though the dosage was reduced. Such 
effects are commonly encountered, of course, with any medication in severely 
ill patients, and this patient died 3 months later of her heart disease. One of 
the patients with rheumatic heart disease had not been able to tolerate mercurials 
and had experienced nausea with ammonium chloride or Diamox therapy. This 
patient tolerated an 800-mg. dose of Rolicton well and it was more effective than 
any of the other diuretics. 

No complaints of weakness, loss of appetite, leg cramps, diarrhea, or malaise 
attributable to Rolicton were noted even on continued use of the drug. 


SUMMARY AND CONCLUSIONS 


A new oral diuretic, Rolicton, has been tested in 25 ambulatory patients with 
edema of congestive heart failure originating in various forms of heart disease. 
The dosage of Rolicton administered was from 800 to 1,600 mg. daily and the 
patients have been followed from 3 to 9 months since the initiation of the study. 

A definite diuretic response to Rolicton was obtained in all but 1 patient. 
In 1 other patient, the drug was discontinued because of nausea and vomiting. 
No true toxic effects were noted and Rolicton proved compatible with other 
drug therapy. In 3 patients with significant nonprotein nitrogen retention, no 
increase in nonprotein nitrogen was noted after administration of Rolicton. 

Satisfactory response to Rolicton was obtained in 23 of the patients (92 
per cent), all of whom were able to discontinue other oral diuretics, some of which 
were not as well tolerated or as effective as Rolicton. In 17 patients, or 68 per 
cent, Rolicton replaced other diuretic therapy entirely and in 6 (24 per cent) it 
permitted a decrease in the frequency of parenteral mercurial therapy. 

Side effects attributable to the drug were minimal. Twenty-one patients in 
the series (84 per cent) experienced no side effects, and 3 (12 per cent) had nausea 
on higher dosages but were able to continue therapy on a daily dose of 800 mg.; 
only 1 patient (4 per cent) had to discontinue use of the drug because of nausea 
or vomiting. 

Therefore, considering these results, it is felt that Rolicton has a definite 
place in the maintenance therapy of mild and moderate congestive heart failure. 
Being a nonmercurial, nonsulfonamide diuretic, Rolicton avoids the limitations 
of those classes of compounds. Its significant reduction of side reactions and lack 
of toxicity and its failure to cause resistance, enabling its continuous use, make 
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‘t a preferable oral diuretic. Since it is compatible with other medication, does 
not cause electrolyte imbalance, and appears safe even in the presence of kidney 
or liver impairment, Rolicton may be used also in the treatment of severe conges- 
tive heart failure as an adjunct to parenteral mercurial therapy. 
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Persistent Left Superior Vena Cava Demonstrated by Angiocardiography 


Bernard H. Pastor, M.D.,* and Bernard I. Blumberg, M.D.,** Philadelphia, Pa. 


Anomalies of the course of the superior and inferior venae cavae are con- 
sidered rare.! In 1946, Sanders? reviewed 215 cases reported in the literature 
and discussed the incidence of persistent left superior vena cava in dissecting 
room specimens. He found the average occurrence, based on reports by several 
observers, to be 1 per 348 cadavers. No accurate figures are available of the in- 
cidence of this anomaly in large autopsy series, and it seems quite possible that 
the anomalous vein might be readily overlooked in a routine autopsy. 

We recently encountered an example of persistent left superior vena cava in 
the course of the preoperative evaluation of a patient for aortic valve surgery. 
The presence of the anomaly suggested the possibility that the aortic valve 
lesion might be also congenital. 


CASE REPORT 


A 37-year-old man was found to have a heart murmur in 1942. He was asymptomatic until 
1945, when he first developed dyspnea on exertion. His activity was progressively limited because 
of increasing dyspnea, and in 1954, he developed a cough productive of scanty blood-tinged sputum. 
At the same time he began to have angina pectoris, and reported one episode of syncope following a 
paroxysm of coughing. At the time of his admission to the Philadelphia Veterans Administration 
Hospital on Feb. 22, 1956, he was a semi-invalid, confined to a wheelchair, complaining of severe 
dyspnea and chest pain produced by walking halfway across the room. Physical examination on 
admission revealed a blood pressure of 90/60 mm. Hg, and findings of severe aortic stenosis, which 
were typical except for preservation of the aortic second sound. An electrocardiogram showed 
left ventricular hypertrophy. Roentgenologic examination of the heart revealed the presence of 
left ventricular enlargement and moderate enlargement of the left atrium. Calcification of the 
aortic valve was demonstrated by planigraphic examination, but there was no calcification of the 
mitral valve (Fig. 1). An angiocardiogram was attempted to determine whether associated mitral 
stenosis was present. In this case a catheter was introduced into a vein in the left antecubital 
space. The injection of dye was made with great difficulty, an unusual amount of resistance being 
encountered. The serial roentgenograms showed opacification of an anomalous venous channel 
in the position of a persistent left superior vena cava, which entered the right atrium by way of the 
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‘oronary sinus (Fig. 2). The injection was too slow to permit visualization of the left cardiac 
chambers. Because of this the study was repeated, the injection of dye being made in the right 
arm. A normally situated vena cava entering the right atrium was demonstrated (Fig. 3). There 
was some enlargement of the right cardiac chambers, the left atrium, and the left ventricle, without 
undue delay in the passage of the dye from the left atrium to the left ventricle. 


Fig. 1.—A, Chest roentgenogram in left anterior oblique projection shows left ventricular enlarge- 
ment and moderate enlargement of left atrium. 3B, Left anterior oblique planigram demonstrates ring 
calcification of aortic valve but no calcification of mitral valve. 
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The presence of an anomalous vena cava suggested the possibility that the aortic valve 
lesion was also of congenital origin. Calcification of the valve does not exclude congenital aortic 
stenosis, since congenitally stenotic valves may be densely calcified! On the other hand, the 
onset of signs and symptoms late in life favored a diagnosis of acquired aortic stenosis, although it 
did nct exclude the possibility of a congenitally bicuspid valve with later involvement by either 
rheumatic heart disease or bacterial endocarditis. 


Fig. 2. Fig. 3. 


Fig. 2.—Angiocardiogram in left anterior oblique projection 2 minutes after injection of dye in left 
arm shows persistent left superior vena cava entering distal end of coronary sinus. No communication 
with right superior vena cava is demonstrated. 

Fig. 3.—Angiocardiogram in left anterior oblique projection 1 minute after injection of dye in right 
arm shows normally situated vena cava entering right atrium. Anomalous left superior vena cava is not 
visualized. 


On July 9, 1956, aortic valvulotomy was performed through an aortic approach. The left 
posterior commissure was open, and had flexible edges. This finding may have accounted for the 
preserved aortic second sound. The other commissures were completely calcified and nearly 
obliterated. The mitral valve was explored and no significant degree of stenosis was found. The 
tricuspid valve was normal. Microscopic examination of a specimen of auricular appendage 
revealed degeneration and hypertrophy of the myocardial fibers, but no Aschoff bodies were seen. 

The patient showed excellent clinical improvement following surgery, having increased 
exercise tolerance, and experienced no dyspnea or chest pain with moderate activity. 


DISCUSSION 


The varieties of persistent left superior vena cava have been classified by 
McCotter® in a detailed study of 120 cases. He considered them to fall into 5 
main groups according to the presence or absence of the right and left superior 
venae cavae and the state of the anastomosis between them (Table I). Winter‘ 
classified the variations in 174 cases in somewhat more detail, particularly with 
respect to McCotter’s “‘unclassified”’ group. 
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The most common variety of persistent left superior vena cava, in which 
the anomalous vein drains into the coronary sinus, is readily explained on embryo- 
logic grounds. In early embryonic life, the right and left anterior cardinal 
veins are joined by a wide anastomosis, which later becomes part of the left 
innominate vein (Fig. 4,4). The portion of the right anterior cardinal vein 
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Fig. 4.—Diagrammatic representation of the development of the superior vena cava and coronary sinus. 
(See text for description.) 


proximal to the anastomosis and the right common cardinal vein form the primor- 
dia of the superior vena cava. At this stage, a left superior vena cava also exists, 
formed by the left cardinal vein below the anastomosis, together with the left 
common cardinal vein. As the circulation is shunted to the right by way of the 
left innominate vein, the left superior vena cava soon atrophies, only the most 
caudal part persisting as the oblique vein of Marshall. At the same time, the 
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left horn of the sinus venosus and the left common cardinal vein, originally con- 
tinuous with the left superior vena cava, develop into the coronary sinus (Fig. 
4,B). Because of this, the left superior vena cava, whenever it persists in the fully 
developed heart, commonly drains into the distal end of the coronary sinus. 
Persistence of the left superior vena cava has been attributed to the failure of 
the anastomosis to develop between the inferior cardinal veins. It may persist, 
however, even if an adequate anastomosis does develop. 


TABLE I. Types OF PERSISTENT LEFT SUPERIOR VENA CAva* 


Right and Left SVC without anastomosis 

Right and Left SVC with small anastomosis 

Right and Left SVC with normal anastomosis 

Left SVC with absence of right 

Left SVC unclassified (not falling into the above categories) 


*According to McCotter.® 


Prior to the widespread application of cardiac catheterization and angio- 
cardiography to the study of congenital heart disease, anomalies of the venae 
cavae were difficult or impossible to diagnose clinically, and were usually dis- 
covered in the dissecting room, at autopsy, or accidentally at the time of surgery. 
Castellanos® is credited with the first demonstration of a left superior vena cava 
during life, and since then cases have been recognized during cardiac catheteri- 
zation and angiocardiography by several observers.*:** When catheterization 
is performed routinely from the left, the catheter may be seen to enter the heart 
in an abnormal position, and the presence of an anomalous left superior vena 
cava may be suspected. The catheter also enters the left superior vena cava 
readily by way of the coronary sinus when introduced from the right. When 
angiocardiography is performed from the right side, or when the injection of dye 
is made in the femoral vein in children, the left superior vena cava may not be 
visualized unless there is a large anastomosis. It is quite unlikely that the 
presence of the anomaly would be recognized on fluoroscopy or on routine roent- 
gen study, unless it is complicated by anomalous pulmonary venous return, 
in which case, characteristically, a very large left mediastinal shadow is seen. 

If the left superior vena cava enters the left atrium, it constitutes a serious 
malformation, particularly if the right superior vena cava is absent. Fortunately, 
this variant is extremely rare. When the left superior vena cava enters the right 
atrium there is no serious physiologic disturbance unless there is a complicating 
abnormality, such as abnormal termination of the pulmonary veins or defects in 
the interatrial septum. This occurs in approximately 40 per cent of cases,‘ 
and the clinical picture is that of the associated anomaly. Although a left superior 
vena cava entering the right atrium may produce no physiologic disturbance, it 
may interfere with successful cardiac catheterization, provide obstruction at 
the time of cardiac surgery, or it may be important in calling attention to the 
presence of associated anomalies, particularly anomalous pulmonary venous 
drainage. 
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SUMMARY 


A persistent left superior vena cava was demonstrated by angiocardiography 
during the preoperative evaluation of a patient with aortic stenosis for valvular 
surgery. 

This rare anomaly produces no physiologic disturbance unless there are asso- 
ciated malformations, or unless the anomalous vein enters the left atrium. It may, 
however, interfere with successful cardiac catheterization, produce obstruction 
at the time of cardiac surgery, or call attention to the presence of other congenital 
malformations. 
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Paroxysmal Tachycardia With a Rate of 345 in an Adult 


Julian B. Hoffman, M.D., and Max Pomerance, M.D., F.A.C.P., Brooklyn, N. Y. 


The ventricular rate, even in extremely rapid tachycardias, rarely exceeds 
300. The majority of those cases with ventricular rates over 300 have been re- 
ported in infants. In a recent review! of the literature only 5 cases with ventricu- 
lar rates of 300 or over have been recorded in patients past puberty. Another 
case was included in a series of patients with auricular flutter having 1:1 conduc- 
tion.” 

We therefore wish to report the unusual occurrence of paroxysmal tachy- 
cardia in an adult in whom the ventricular rate was 345. We are aware of only 
1 case in which a faster rate (365) was recorded,* and this was in a 2-week-old 


infant. 


CASE REPORT 


The patient was a 28-year-old housewife who was referred for cardiac evaluation in 1939, 
because of palpitations and rapid heart action persisting for 2 hours. 

Past history was negative except for recurrent brief episodes of palpitations. Review of 
systems was noncontributory. 

The present episode of illness began without known precipitating cause. There was no chest 
pain or dyspnea. Physical examination revealed a well-developed, well-nourished woman, anxious 
but not in pain. There were no signs of cardiac failure. Blood pressure was 120/70 mm. Hg. 
There was no cervical distention. The heart was not enlarged. Heart action was too rapid for 
accurate count. The lungs were clear. The liver was not palpable. In the extremities there 
was no edema or perspiration. 

Course.—An electrocardiogram was taken (Fig. 1). There was no change with carotid pres- 
sure. The patient was placed on quinidine grains 6 every 3 hours. Normal sinus rhythm was 
restored in 6 hours (Fig. 2). 

Follow-up.—There were no recurrences for 18 years. Eighteen years later the patient died 


suddenly. No autopsy was obtained. 


DISCUSSION 
Clinical experience has generally confirmed Lewis’ observation that the 
critical level for the A-V node is a conduction rate of 270 to 300 per minute. 
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Fig. 1.—Leads I, II, III, and CF,y. The ventricular rate is approximately 340 in Lead I until the 
slowing at the third beat from the end. In Lead II auricular activity can be identified. For some com- 
plexes the rate appears to be 300 but the R-R intervals vary at durations which if persistent would yield 
ventricular rates of 300 to 360. In Lead III there is marked slowing to a ventricular rate of 225. In 
CF, the R-R intervals vary from 0.16 to 0.20 second, giving an average ventricular rate of 345 for 4.8 
seconds. The most reasonable interpretation of this arrhythmia, with auricular and ventricular activity 
faster than 300 and variable R-R intervals, would seem to be 1:1 auricular flutter. The slowing in Lead 
III would be consistent with a temporary change to 3:2 conduction. The auricular activity identified 
in Lead II would appear to exclude auricular fibrillation. The QRS complexes are not widened in II 
and III and are similar to those recorded by Finklestein and associates’ in their cases of rapid 1:1 auricu- 
lar flutter. The variable ventricular rate as well as its rapidity is not characteristic of auricular tachy- 
cardia. The marked variation in ventricular rate in Lead III, as compared with the other leads, is 
consistent with auricular flutter. 


Fig. 2.—Sinus arrhythmia, average rate 83. 
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Impulses traveling at a faster rate seldom reach the ventricle, so that in the vast 
series of reports on tachycardias few have been recorded with rates over 300 
In 1943, Edeiken* gathered 15 instances from the literature and his own cases. 
In 1953, Snellen and associates' were able to collect only 5 instances in human 
beings past puberty, including a case of their own. In a report on patients 
exhibiting the rare phenomenon of auricular flutter with 1:1 conduction Bellet 
and associates? include 1 with a rate of 315. 

The patient we observed had a ventricular rate ranging from 329 in Lead 
II to 360 in CF,, which appears to be the fastest recorded in an adult. 

The grossly irregular R-R favors auricular fibrillation with aberration, 
although the suggestion of auricular activity in all leads and especially in Lead I] 
indicates coarse flutter. Three of the 6 cases we have found with ventricular 
rates of 300 have had auricular flutter, and Arenberg® lists 300 as the maximum 
rate found in 39 cases of 1:1 flutter. 

Katz® states that a ventricular rate over 190 is rarely auricular flutter, since 
1:1 flutter is extremely rare and the isolated cases he noted occurred only with 
rates under 260, usually under 200. Bellet,2 McKenzie,’ and Blackford® have all 
reported cases of 1:1 flutter with ventricular rates of 300. 

The remarkable clinical feature is how well the patient tolerated this tremen- 
dously rapid rate. No underlying heart disease was found and she was well for 
18 years following this episode. Recent communication with her family doctor 
reveals that she died suddenly, but the details were not ascertained. 


SUMMARY 


We are reporting an instance of tachycardia in an adult with a ventricular 
rate of 345, faster than any recorded instance we have been able to find in the 
literature. The clinical episode and electrocardiogram are presented with a review 
of the literature. 
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Partial Brown-Sequard Syndrome Associated With Coarctation of 


the Aorta: Review of Literature and 


Report of a Surgically Treated Case 


Paul W. Herron, M.D.,* Eldon L. Foltz, M.D., Fred Plum, M.D., Robert A. Bruce, 
M.D., and K. Alvin Merendino, M.D., Seattle, Wash. 


REVIEW OF THE LITERATURE 


Neurological complications of coarctation of the aorta, other than intra- 
cranial hemorrhage, rarely have been reported. Haberer,! in 1903, reported 
a patient who suddenly became paraplegic, in whom thrombosis of the anterior 
spinal artery was found at the level of the second thoracic vertebra. This case 
was the only one with this syndrome in Abbott’s exhaustive review. Bram- 
well? reviewed 26 cases of coarctation in 1947. One of these patients was a 46- 
year-old physician who for a year had experienced aching pain in the right deltoid 
region, the outer aspect of the right forearm between the wrist and elbow, and 
in the tips of the fingers of the right hand; the pain was aggravated by using the 
arm. The only objective findings reported were diminished biceps and supinator 
reflexes on the involved side. The findings were ascribed to brachial plexus com- 
pression by dilated collateral arteries. The symptoms disappeared spontaneously, 
however, and this diagnosis must be viewed with some question. 

Two additional cases were reported in 1954, by Christian and Nader.* The 
first of these was a patient with clear-cut coarctation of the aorta who suddenly 
developed paresis of the right leg and a ‘‘segmental sensory disturbance” begin 
ning at D-11. The second patient reported by these authors also had typical 
coarctation, and suddenly developed paresis of the left arm with findings localized 
to C-7, D-1 levels. In each instance these findings were attributed to compression 
by a dilated anterior spinal artery. 

The extent of the collateral circulation in coarctation of the aorta has been 
demonstrated repeatedly, and it has been shown that the anterior spinal artery 
participates in this via its connections with the vertebral arteries. When one 
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considers the space limitations within the spinal canal, it is interesting that mor 
patients with coarctation of the aorta do not present neurological complaints. 
In spite of a thorough search of the literature, there is no case reported i 
which neurological lesions have been proved to be secondary to the effects o: 
coarctation. Causal relationship has been presumed to exist without verification. 
The purpose of this report is to describe a case of coarctation of the aorta 
with neurological deficits presumed to be secondary to the enlargement of col- 
lateral channels. The changes in the neurological picture following surgical 
correction of the coarctation strongly suggested a probable causal relationship. 


CASE REPORT 


History.—Mr. C. S.* was a 49-year-old white man referred for evaluation of surgical cor- 
rection of coarctation of the aorta. The patient had been well most of his life and worked as a 
truck driver and furniture mover. Thirteen years previously he had suffered an acute illness 
diagnosed as scarlet fever, and during that illness his physician informed him that he also had 
“restriction of the aorta."” Twelve years prior to his present illness he was thought to have had 
rheumatic fever, apparently on the basis of an extremely tender left foot and an elevated sedi- 
mentation rate. 

The first hint of possible neurological difficulty occurred 5 years previously when he had an 
episode, of 2 weeks’ duration, of shooting pain in the right lower extremity, which was diagnosed 
at that time as “sciatica.” 

A palm-sized lesion, presumably a hematoma, appeared on the medial aspect of his right 
thigh 6 months prior to evaluation. He noted the onset of numbness on the right side of his body 
coincident with this, and he felt that the numbness began about this lesion and spread in both 
directions, finally involving the entire right side of his body below the mid-chest region. 

During the previous 2 months the patient had experienced pain about the right hip and 
posterior thigh, which was relieved by moving about. For several weeks before his initial exami- 
nation he had noted numbness of the index and middle fingers of the left hand and left dorsal 
forearm, without noticeable weakness. 

In addition to these complaints, he had been troubled with urinary hesitancy, constipation, 
and impotence for 5 to 6 months, and although he had continued working full time he had noted 
easy fatigue, exhaustion, weakness in his legs and stumbling for several months. Aside from 
palpitation and irregular beat there were no subjective cardiac symptoms. 

Physical Examination.—Physical examination confirmed the referral diagnosis of coarctation 
of the aorta and revealed many interesting findings. 

The patient was in no acute distress, but his lower extremities were much less well developed 
than the upper extremities. 

Blood pressures were as follows: right arm, 200/100; left arm, 175/95; right leg, 110/80; 
left leg, 120/? mm. Hg. 

The retinal vessels were only slightly narrowed and no “‘coiling’’ was noted. There was 4 
very prominent visible pulsation at the base of the neck on the right, but no venous distention 
was observed. 

The lungs were clear to percussion and auscultation. Pulsating vessels were easily palpable 
in every intercostal space as well as in the epigastric area. A systolic bruit was heard paraver 
tebrally in the lower cervical and upper thoracic areas and abdominal aortic pulsations were on! 
barely preceptible. Fig. 1 is an infrared photograph which demonstrates the enlarged tortuou: 
vessels on the patient’s abdomen. 

A forceful apical impulse was localized 10 cm. from the mid-sternal line. The cardiac rhythm 
was regular, with A» louder than P: and almost tambour-like in quality. A Grade 2 systol 
precordial murmur and Grade 3 systolic murmur over the lower sternum were heard. 


*The authors are indebted to Dr. John O. Baugher for referring this patient for consultation. 
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The femoral, popliteal, and pedal pulses were present but reduced, and the left posterior 
tibial artery could not be palpated. 

A neurological consultation was obtained because of the striking neurological findings. 

Neurological abnormalities included increased biceps, triceps, Hoffmann, radial and ulnar 
periosteal reflexes in the left arm. On the dorsal aspect of the left forearm an area of hypalgesia 
was found which began at the olecranon process and extended to and included the middle and 
index fingers. The volar aspects of the fingers were hyperalgesic. 


Fig. 1.—Infrared photograph indicating venous as well as arterial pattern. The patient exhibits 
the most marked external evidence of tortuous arterial channels seen by the authors in coarctation. 
One cluster of coiled arterial channels is seen above the umbilicus and to the patient’s left. Postopera- 
tively these channels thrombosed and were much smaller, feeling like birdshot pellets subcutaneously. 


There was reduced pain sensation from D-4 down on the right side of the body, with hyper- 
algesia in the first 2 or 3 involved segments (Fig. 2). The superficial abdominal reflexes were 
reduced on the left side. The left knee and ankle reflexes were hyperactive and an extensor plan- 
tar response was found on the left. 

The neurological consultant felt that the most likely cause of these abnormalities was a di- 
lated radicular or anterior spinal artery in the region of C-7, exerting pressure on the left side of 
the spinal cord. 

Laboratory Data.—Fluoroscopy demonstrated 3+ left ventricular hypertrophy and 2+ right 

entricular hypertrophy. There was rib notching on x-ray examination. 

The electrocardiographic tracing confirmed the left ventricular hypertrophy, but was other- 

ise normal. Vital capacity was 4.9 L. 


> 
# 
“= 


132 HERRON, FOLTZ, PLUM, BRUCE, AND MERENDINO Paty I, 


The exercise tolerance test was completed without symptoms, or change in the precordi::| 
ECG. Blood pressure rose from 170/90 mm. Hg to a peak of 230/115 mm. Hg while walking for 
10 minutes on the treadmill; exercise respiratory efficiency was 5.1 volumes per cent, the cumu- 
lative 3 minutes recovery heart rate was 278, and the derived physical fitness index was 18.4 


(normal 13 to 26). 
Because of the clear-cut coarctation of the aorta and the progressive spinal cord involvement, 


surgery was advised and accepted. 

Operation.—Thoracotomy was performed on July 7, 1955. A left-sided parascapular, 
posterolateral incision was used, with subperiosteal resection of the fifth rib. The mediastinal 
pleura was incised and the entire mediastinal portion of the left subclavian artery dissected free. 


REFLEXES i REFLEXES 
Biceps ++ Biceps +++ 
Triceps ++ Triceps +++ 
Radial ++ Radial +++ 
+* Ulnar +++ 
Hoffman neg : Hoffman pos 
Knee +++ 

Ankie ++ Ankle +++ 
Babinski neg. Babinski pos. 
Abdomen ++ Abdomen + 


Knee ++ 


SS Hyposensitive 
Hypersensitive 


Fig. 2.—Preoperatively. 


The dissection was carried medially to allow exposure and control of the proximal aorta. A small 
patent ductus arteriosus was found, ligated and divided. The coarctation was immediately 
distal to the origin of the subclavian, which vessel was almost as large as the aorta proximal to 
the coarctation. Distal to the coarctation the aorta was slightly dilated. 

Coarctation clamps were applied and the coarctation excised, including a portion of the base 
of the left subclavian artery. The end-to-end anastomosis was performed with continuous su- 
tures of 4-0 vascular silk. 

The mediastinal pleura was reapproximated throughout and the chest closed in a routine 
manner leaving a No. 30 chest catheter indwelling. 

Postoperative Course.—The patient did well except for mild depression and a variety of gastro 
intestinal complaints. He experienced marked burning pain in the right foot which wasattril 
uted to increased blood flow. Re-examination immediately postoperatively revealed no marke: 
change in his neurological state, but there did seem to be some improvement in the hyperalgesi«. 
He was discharged on the ninth postoperative day. 

Follow-up.—During the early postoperative period his neurological symptoms were some- 
what changed in that he had more sensation but also more paresthesia. Urinary function ha: 
become normal and sexual activity had improved. Bowel function, however, was unchanged an 
he remained chronically constipated. He had been able to go on a hunting trip and his weight 
had increased from 123 to 142 pounds. 

Objectively he seemed improved. Peripheral pulses were palpable in all extremities an 
were of excellent quality. The heart was at the upper limit of normal size with a regular rhythn 
and no murmurs were heard. 
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Blood pressure in the right was 140/78 mm. Hg and 130/72 in the left, and there was no evi- 
dence of cardiac decompensation. Chest fluoroscopy demonstrated only minimal hypertrophy 
without apparent dilatation, and the ECG suggested mild left heart strain, but no marked vari- 
ations from normal. 

He was able to walk for 10 minutes on the treadmill without difficulty. The maximal blood 
pressure during this period was 184/90 mm. Hg and there were no significant changes in the pre- 
cordial ECG during this period. 

Direct femoral artery pressure was 144/60 mm. Hg at rest. Vital capacity was 3.7 L. 

Neurological examination revealed little objective change since the initial examination, 
except that there was perhaps slight recession of the sensory loss in the left forearm. 


REFLEXES REFLEXES 
Biceps ++ Biceps +++ 
Triceps ++ Triceps +++ 
Radial ++ Radial +++ 
Ulnar ++ Ulnar +++ 
Knee ++ Knee +++ 
Ankle ++ Ankle +++ 
Babinski - Babinski t 


Hyposensitive 


= 
=> 


Fig. 3.— One and one-half years postoperatively. 


One and one-half years postoperatively (Dec. 31, 1956) Mr. S. had con- 
tinued to experience the burning parethesias of the left hand and foot and the 
right foot. The pain was most severe in the right testicle, inner aspect of the 
right thigh, and anterior aspect of the right leg, and was relieved only by lying 
down and by having a bowel movement. 

The heart was normal to auscultation and percussion, blood pressure was 
132/80 mm. Hg in the right arm and 120/80 in the left. The heart was essentially 
normal in size, and the ECG showed only minor changes compatible with left 
ventricular hypertrophy. Exercise tolerance was entirely normal, with the pulse 
increasing to a maximum of 97 per minute and the blood pressure increasing to 
a maximum of 150/80 mm. Hg. The physical fitness index was 25. 

Neurological examination demonstrated a change in the sensory level on the 
right from D-4 to D-10, with intact touch, vibratory and position sense on that 
side (Fig. 3). The hyperactive reflexes on the left upper and lower extremities 
persisted, but with only an occasional extensor plantar response on the left. 

Two years postoperatively (June 5, 1957) the patient reported that he had 

een improving steadily. The severe burning sensation in his right testicle, right 
iner thigh, and anterior leg had completely resolved during the preceding 6 
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weeks. The weakness of the left leg, however, had persisted, but there no longe 
was severe leg pain associated with bowel movements. Urinary hesitancy no 
longer was a problem. The primary complaint on this examination concerned 
the patient’s sexual activity, in that sensory loss in the genitalia prevented ade- 
quate intercourse. 

Examination demonstrated the sensory level to be at D-10 as previously, 
but now mixed with areas of hyperesthesia. Areas of hyperesthesia were found 
in the right leg and the left foot. The left leg was slightly weaker than the right, 
and the reflexes were more active on the left. Clonus was no longer present at 
the left knee or ankle, but the Babinski response could not be evaluated because 
of the hyperesthesia in the left foot. The upper extremities were normal except 
for hypalgesia and hyperesthesia of the left index finger. This examination was 
felt to show further neurological improvement. 

The final neurological opinion was that the findings were explainable on the 
basis of enlarged intramedullary and extramedullary arteries and veins which 
compressed the spinal cord. The relief afforded by lying down was felt to be 
due to improved drainage in the low thoracic intraspinal vessels while the patient 


Was supine. 


SUMMARY 


A review of the literature has revealed three instances of neurological disease 
presumed to be secondary to the collateral circulation associated with coarctation 
of the aorta. None of these patients were subjected to surgical correction of the 


coarctation; therefore a causal relationship can only be assumed. 

A case of partial Brown-Séquard syndrome with associated coarctation of the 
aorta has been reported. Although the resolution of the neurological defects is 
not yet complete, sufficient change has occurred over a period of 2 years to suggest 
that a causal relationship exists. 

Although the threat of neurological complications appears to be uncommon, 
it serves as an additional indication for surgical correction of coarctation. 
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Ventricular Septal Defect Related to Ice-Pick Injury of the Heart: 
Report of a Case Studied by Cardiac Catheterization 


Robert H. Franch, M.D.,* and Noble O. Fowler, M.D.,** Atlanta, Ga. 


The occurrence of persistent ventricular septal defect as a complication of 
stab wound of the heart is seldom reported in the literature. A review of several 
large series of knife and ice-pick wounds of the heart reveals no mention of per- 
sistent perforation of the ventricular septum as a sequel to stab injury.'** May- 
nard,! in discussing 80 stabbed hearts including operated and/or autopsied 
cases, describes no wounds involving the ventricular septum. Moritz,® in an 
autopsy specimen, illustrates an ice-pick wound passing through the interven- 
tricular septum from the pulmonary conus. Couves, in a personal communica- 
tion, describes the unsuccessful repair of a ventricular septal defect secondary to 
knife stab. Maguire? notes the case of a 28-year-old Negro woman who died 
of cerebral embolism on the third postoperative day after repair of a 1.5 cm. knife 
laceration in the right ventricle. Five chordae tendineae had been severed and 
there was perforation of the interventricular septum. The site and size of the 
defect was not specified. There was no mention of cardiac murmur. 


CASE REPORT 


At approximately 7:15 Pp. M. on Sept. 20, 1956, a 33-year-old, moderately intoxicated, Negro 
laborer was stabbed by his wife in the left upper anterior chest with a single ice-pick blow that is 
said to have toppled the victim backward from a 3-foot high kitchen porch. He struck the ground 
with the back of his head and his shoulders and subsequently could not be roused. On arrival at 
Grady Memorial Hospital Emergency Clinic, at 8:10 Pp. M., he was unresponsive and without 
detectable pulse or blood pressure; the skin was cold and moist; the neck veins were distended ; and 
the heart tones were inaudible. There was a small puncture wound in the third left intercostal 
space 3 cm. from the left sternal edge. The diagnosis of acute cardiac tamponade was made. 
\n infusion of dextran was begun. Upon removal of 80 c.c. of unclotted blood by apical peri- 
cardiocentesis, the blood pressure quickly rose to 110/60 mm. Hg, and the patient became con- 

ersant. A harsh “friction rub’ was noted over the precordium. No murmur was described. 


From the Georgia State Heart Association Cardiovascular Research Laboratory, Grady Hospital; 
ind the Department of Medicine, Emory University, Atlanta, Ga. 
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By 10:00 p. m. the blood pressure was stable at 120/90 mm. Hg. The pulse was 72 per minute an: 
the respiration 22 per minute, and the patient was fully responsive. An ECG showed sinus rhythm 
with sharp T-wave inversion in standard Leads II and III and in Leads aV¥ and V¢, with a sma 
Q wave in Leads III and aVy and a tall RinaVr. Sys was of increased magnitude (Fig. 1; Sept. 
30, 1956). A chest x-ray showed moderate enlargement of cardiac silhouette and pulmonary cor- 
gestion but no pleural fluid or pneumothorax (Fig. 2,4). Antimicrobial therapy was begun. 

A little after midnight it was noted that the patient’s blood pressure had fallen to 75/60 mm. 
Hg. Engorgement of the neck veins and dulling of the sensorium was evident. A medical con- 
sultant noted a Grade 1 to 2 systolic murmur in the left fourth intercostal space near the sternum. 
Dramatic clinical improvement followed a subxiphoid pericardiocentesis with removal of 180 c.c. 
of unclotted blood. His blood pressure rose to 118/98 mm. Hg when 100 c.c. of blood had been 
removed. Nowa very loud systolic sound was again heard. Another observer noted a “harsh rub” 
at 1:30a.M. At 6:00 A.M. note was made of a precordial systolic murmur. At 7:00 A.M. the surgical 
resident and a medical consultant reported an easily palpable thrill accompanied by a loud systolic 
murmur of maximal intensity in the fourth left intercostal space near the left sternal border. 
In retrospect, it was thought that the murmur had progressed in intensity through the night. 

During the second 12 hours of hospitalization, the patient was much improved and several 
times was found out of bed visiting about the ward. Anesophagram was normal. An ECGshowed 
moderate S-T segment elevation especially prominent in Leads II, III and aVy (Fig. 1; Oct. 1, 
1956). Near the end of the first 24 hours, he complained of moderate dyspnea and mild orthopnea. 
Some diffusely blood-streaked sputum was noted. The temperature was 101°F. The blood pres- 
sure was 160/110 mm. Hg. There was no paradoxical pulse. Course, sticky rales were audible in 
the right lung base and less prominently in the left base. The neck veins were slightly distended in 
the semi-Fowler position. The liver edge was not felt. The venous pressure was 160 mm. of saline. 
The circulation time was 15 seconds (Decholin arm-to-tongue). The arterial oxygen saturation 
was 85.1 per cent. A medical consultant felt that the patient had pneumonitis superimposed on 
early left ventricular failure. The patient responded well to digitalization. Low-grade fever 
persisted to the tenth hospital day without elevation of the white count. Nine blood cultures 
were negative. Several sputum cultures grew only Alcaligenes aerogenes. ‘The ECG showed 
little residual S-T elevation and small biphasic T waves (Fig. 1; Oct. 15, 1956). The remainder 
of the hospital course was uneventful, and he was discharged on the twenty-third hospital day. 
Digitalis was not continued. 

On Oct. 30, 1956, he reported to the Cardiac Clinic without significant complaint. By history 
no evidence of previous heart disease could be obtained. Three years of military service that 
included duty with the engineers in the North African campaign were uneventfully completed. 
A survey chest film in 1947, was normal. Prior to his injury he was doing heavy labor without 
complaint. He was unaware that he had hypertension. He was a well-developed, muscular 
Negro man. His weight was 142 pounds. His blood pressure was 120/64 mm. Hg. The point of 
maximal cardiac impulse was not palpable but the cardiac apex was percussed to the anterior 
axillary line. A Grade 4 harsh systolic murmur maximal in the fourth left intercostal space para- 
sternally was accompanied by a prominent thrill. The arterial oxygen saturation was now 95.8 per 
cent; the arterial CO, content was 21.9 mM. per liter. The vital capacity was 58 per cent of 
normal; the 3-second vital capacity was 100 per cent. The maximal breathing capacity was 61.5 
L. per square meter per minute, or 89 per cent of normal. The venous pressure was 140 mm. o 
saline, rising to 148 mm. of saline with abdominal compression. The Decholin arm-to-tongue circt 
lation time was 14 seconds. The ECG (Fig. 1; Oct. 28, 1956) showed taller precordial T waves 

On Nov. 13, 1956, 2 weeks later, he returned with persistent cough, orthopnea, paroxysm: 
nocturnal dyspnea, and exertional dyspnea. A gain in weight of 10 pounds was noted. The bloo: 
pressure was 140/100 mm. Hg. The eyegrounds showed Grade 2 (KW) change. There wa 
moderate neck vein distention and moist rales at both lung bases. There was no peripheral edeme. 
The liver was not palpable. The murmur was unchanged. The ECG showed little change (Fig 
1; Nov. 13, 1956). Two weeks after digitalization for this episode of heart failure he was withou 
prominent symptoms except for dyspnea on moderately severe exertion. His blood pressure wa 
110/64 mm. Hg, and he was 8 pounds lighter. He continued to do well and frequently requeste 
permission to return to work. 
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In order to evaluate the patient more completely, right heart catheterization was performed 
mn Feb. 6, 1957 (Table I). This study demonstrated a left-to-right shunt into the right ventricle 
consistent with ventricular septal defect. The pulmonary flow was approximately twice the sys- 
emic flow. The latter was moderately reduced. At fluoroscopy the left ventricle was clearly 
snlarged and intrinsic pulsations of small amplitude were present in the hilar pulmonary vessels, 
but not in the basilar branches. The phonocardiogram recorded from the fourth left intercostal 
space parasternally showed a loud holosystolic murmur (Fig. 3). The patient has remained well 
on daily digitalis and can do moderate work. The blood pressure is 155/105 mm. Hg. The electro- 
cardiogram has tended to show increasing left ventricular preponderance (Fig. 1; April 12, 1957). 
A chest film taken April 15, 1957, shows moderate cardiomegaly and slight prominence of the 
pulmonary vasculature (Fig. 2,C). 


Z.V 33 YEARS 


TRAUMATIC LV. 
SEPTAL DEFECT. 


Fig. 3.—The phonocardiogram was recorded with stethoscopic microphone and bell from the left fourth 
intercostal space near the sternal border. Two paper speeds were used. 


COMMENT 


It is unusual for a slender, rigid instrument of low velocity to produce a 
trans-septal cardiac wound that remains open.* Surgically induced, moderately 
large defects in the muscular septum of dogs often tend to heal spontaneously.’ 
The myocardium can repair these defects utilizing a fibrin meshwork “binder”’ 
hat ultimately organizes and contracts to a small, often minute, scar.6 In our 
ase, a longitudinal tear may have been produced in the thinner membranous 
ortion of the ventricular septum. Griffin’ has postulated that elliptical fenestra- 
ions in the ventricular septum of dogs dilate to form circular defects. Maynard! 
.oted that, while most ice-pick wounds were of the puncture variety, in 2 cases 
rell-developed lacerations were produced. 


Damage to a coronary artery cannot be excluded in this case. According to 
Vloritz,*:’ severe bruising of surrounding cardiac muscle may cause little or no 
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coronary damage; crushing of the artery between the jaws of a clamp is usually 
required to provide enough localized vascular injury to result in thrombosis 
Complete or partial severance of a major coronary artery branch seems unlikely 
Elkin® describes transection by stab of the distal anterior descending branch wit! 
survival. The ends of the artery required ligation. The bleeding from the trans 
mural myocardial puncture itself is not furious; initially there is a small spurt i: 
systole that tends to be self-limited.*'° The patient usually survives if fata 
cardiac tamponade does not supervene. In our case, pericardiocentesis ade- 
quately served to control cardiac tamponade. 


Gore!" points out the pitfalls in accepting the cause and effect relationship 
between heart disease and trauma. This does not appear to be a case of congenital! 
ventricular septal defect associated coincidentally with stab trauma. Heart 
failure occurring in a previously active laborer was closely related to the time of 


TABLE I. CATHETERIZATION DATA 


LOCATION (c.c./100 c.c.) % CAPACITY (MM. Hg) 


| 
O2 CONTENT O2 SATURATION | PRESSURES 


Superior Vena Cava 
Right Atrium (high) 
(low) 
Right Ventricle 
(inflow) 
(outflow) 
Pulmonary Artery 
(main) 
(right) 


6 Mean = 3.0 

4 

2 

8 

3 

(right) we 

32 

8! 

02 

4! 

72 


33/4 


30/11 
Mean = 19.0 


(right) 
Pulmonary ‘“‘Capillary’’ or Wedge 
Brachial Artery 


Mean = 11 


Right Atrium (mid) 
(mid) 


FIRST FICK SECOND FICK 


O, Consumption (ml./min./M.*) 135 
Brachial Artery—Right Atrial O:¢ diff. (c.c./100 c.c.) 

Pulmonary Veint—Pulmonary Artery O: diff. (c.c./100 c.c.) 

Systemic Flow (L./min.) 

Systemic Flow Index (L./min./M.*) 

Pulmonary Flow (L./min.) 

Left-to-Right Shunt (L./min.) 

Body Surface Area (M.?) 

Total Hemoglobin (Gm./100 c.c.) 


| 
O; Consumption (ml./min.) | 229 
| 
| 


*1 and 2 indicate samples obtained simultaneously for Fick outputs. 
196.5 per cent of oxygen capacity. 
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njury. It is doubtful whether military and industrial physicians, or even the 
patient, would have overlooked the gross precordial thrill. Absence of a con- 
tinuous murmur is against coronary arteriovenous fistula or aortic-pulmonary 
fistula. There was no good clinical evidence of associated significant valvular 
damage either directly to the mitral valve cusp or chordae tendineae or to the 
papillary muscle. 

The electrocardiograms (Fig. 1) in our case show a prominent Qi and Qavr, 
representing either muscle necrosis or a large septal Q wave associated with 
left ventricular hypertrophy secondary to hypertensive cardiovascular disease. 

Guilfoil and Doyle” report a case of traumatic ventricular septal defect 
produced by steering-wheel contusion of the chest in a young man. Diagnosis 
was established by right heart catheterization. The right ventricular oxygen 
step-up was approximately 2 volumes per cent; the systemic blood flow was 6 L. 
per minute and the pulmonary blood flow 16.3 L. per minute. Leonard™ reports 
a step-up of 2.5 volumes per cent in the right ventricle in a case of combined 
traumatic aortic cusp rupture and traumatic ventricular septal defect resulting 
from a mule kick. Our case showed pulmonary blood flow to be approximately 
double systemic flow; right ventricular oxygen step-up was 3 to 4 volumes per 
cent. 


SUMMARY 


This appears to be a case of ventricular septal defect directly related to ice- 
pick injury of the heart. The site of defect seems well localized by right heart 
catheterization. 


REFERENCES 


1. Maynard, + ro Cordice, J. W. V., Jr., and Naclerio, E. A.: Surg., Gynec., & Obst. 
94:605, 1952. 
Maguire, H. C., and Griswold, R. A.: Am. J. Surg. 74:721, 1947. 
Elkin, D. C.: Ann. Surg. 114:169, 1941. 
Bigger, I. A.: J. Thoracic Surg. 8:239, 1939. 
Moritz, A. R.: The Pathology of Trauma, Philadelphia, 1954, Lea & Febiger, p. 168. 
Gould, S. E.: Pathology of the Heart, Springfield, Ill., 1953, Charles C Thomas. 
Griffin, D. J. G., and Essex, H. E.: Surg., Gynec. & Obst. 92:325, 1951. 
Moritz, A. R., and Atkins, J. P.: Arch. Path. 25:445, 1938. 


Hillsman, J. A. B.: Am. J. Surg. 73:305, 1947. 
Gore, I.: Ann. Int. Med. 33:865, 1950. 
Guilfoil, P. H., and Doyle, J. T.: J. Thoracic Surg. 25:510, 1953. 


2 

3 

4 

5 

6 

7 

8. 

9. Elkin, D. C., and Phillips, H.S.: J. Thoracic Surg. 1:113, 1931. 
10 

11 
12 

13. Leonard, J. L., Harvey, W. P., and Hufnagel, C. A.: New England J. Med. 252:208, 1955 


Long-Term Anticoagulant Therapy in Coronary Atherosclerosis 


E. Sterling Nichol, M.D., Miami, Fla., John N. Keyes, M.D., Detroit, Mich., 
Joseph F. Borg, M.D., St. Paul, Minn., Thomas J. Coogan, M.D., Chicago, IIl., 
John J. Boehrer, M.D., Minneapolis, Minn., William L. Mullins, M.D.,¥ Pitts- 
burgh, Pa., Thornton Scott, M.D., Lexington, Ky., Robert Page, M.D., Chicago, IIl., 
George C. Griffith, M.D., Los Angeles, Calif., and Edward Massie, M.D., St. 
Louis, Mo. 


In spite of the fact that coronary artery atherosclerosis causes so many 
deaths, efforts to prevent recurrent myocardial infarction by the long-term 
use of anticoagulants have become popular only recently, because of the disin- 
clination on the part of physicians to enter into a preventive regimen lacking the 
distinction of acute medical care; because of the difficulties in obtaining accurate 
statistical analysis of the effect of long-term therapy; and because of the risk of 
inducing hemorrhagic complications. The concept of actually preventing re- 
current myocardial infarction teems with important implications. Some patients 
may survive for 10 to 25 years after a first myocardial infarction, but half ex- 
perience another attack within 2 or 3 years, with a consequent mortality of 40 
per cent or more. Long-term anticoagulant therapy may be used to prevent 
recurrences after the first cardiac infarction, as well as in patients exhibiting 
clinical signs of impending myocardial infarction, even without previous frank 
infarction. 

In 1944, the senior author initiated continuous anticoagulant treatment i 
patients with coronary atherosclerosis, and his experience with 6 cases served 
as the preliminary report! in the world literature on the use of sustained anticoagu 
lant therapy to ward off recurrent myocardial infarction. Subsequently, Nicho 
and Borg,’? Foley and Wright,* Keyes and associates,‘ Scott,’ Wright and asso 
ciates,* Bay and co-workers,’ Hellem,* Stephens,’ and Tulloch and Wright! 
reported their experiences with long-term anticoagulants to prevent recurren 
myocardial infarction. The data in this paper was presented briefly at th« 
Second World Congress of Cardiology, Washington, D.C., Sept. 13, 1954. Suz 
man and associates,!!' and subsequent authors,!-“ expecially Keyes and co 
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workers, have demonstrate’ further the value of anticoagulants. in reducing 
the incidence of recurrent myocardial infarction, and have offered striking evi- 
dence of the effect of long-term anticoagulant therapy on the survival rate after 
acute myocardial infarction. 

This paper is a compilation of the results obtained by a number of widely 
separated clinicians who pooled their data for this study (Table I). 


TABLE I. PuHysIcIANS CONTRIBUTING TO STUDY 


NAME LOCATION NUMBER OF CASES 
John J. Boehrer Minneapolis 39 
Joseph F. Borg St. Paul 84 
Thomas Coogan Chicago 41 
Joseph A. Davis 
George C. Griffith Los Angeles 40 
John W. Keyes Detroit 127 
Janney Smith 
Edward Massie St. Louis 36 
William L. Mullinst Pittsburgh 231 
William R. Bailey, Jr. 
E. Sterling Nichol Miami 348 
William C. Phillips 
Valentine E. Jenkinsf 
Robert Page Chicago 52 
Emmett B. Bay 
Thornton Scott Lexington 93 
John W. Scott 
John Harvey 


+ Deceased. 


Patients were recruited in private practice, with a criterion for selection 
being an order of intelligence sufficient to ensure that they would comprehend 
the nature of the treatment. No patients with blood dyscrasia or bleeding lesions 
in the gastrointestinal tract or severe renal or hepatic impairment were included. 
Moderate renal or hepatic impairment was not found to be a contraindication 
but simply necessitated less anticoagulant dosage. It is of interest that Sachs 
and Henderson!‘ reported that 8 cases with chronic renal impairment, but with- 
out anuria, tolerated Dicumarol quite well. Diabetes was not found to be a 
contraindication, nor was hypertension. 

The first patient was treated in February, 1944, and others were gradually 
added over a 10-year period to June, 1954, until 1,091 patients—925 males and 
166 females—were eventually placed on long-term anticoagulant therapy. 
Table II shows some of the salient features of the treated group. 
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II. Features or 1,091 PaTiENTs WiTH CORONARY ATHEROSCLEROSIS 
ON LonG-TERM ANTICOAGULANT REGIMEN 


Sex 
Males 925 
Females 166 


Age Distribution Number 
Under 40 years 19 
41 to 50 years 185 
51 to 60 years 452 
61 to 70 years 310 
71 to 83 years 125 


Patients with: Number Per Cent 
Impending infarction only 96 8.8 
1 infarct 735 67.4 
2 or more infarcts 260 23.8 
Hypertension 

males 201 21.7 
females 93 56.0 
Diabetes 
males 43 
females 12 
Congestive failure 
males 
females 51 
Previous cerebral thrombosis 30 


Type of Anticoagulants Used.—Nine hundred twenty-four patients were treated with Dicu- 
marol, (bishydroxycoumarin), 100 with Cumopyran (methopyranorin), 60 with Hedulin (2-phenyl- 
1,3-indandione), 23 with Tromexan (ethyl biscoumacetate), 5 with Coumadin (warfarin sodium), 
5 with Sintrom (acenoucoumarin) and 3 with Marcumar (phenprocoumon). Some patients were 
shifted from one anticoagulant to another. (Since this data was compiled in 1954, Sintrom, 
Marcumar, Hedulin, and Coumadin have been used in many more patients. An evaluation of 
the virtues of the newer anticoagulants will be published elsewhere. ) 

Methods.—Methods have been amply described. The one-stage method of prothrombin 
determination of Quick was used in all cases, and in many the Link-Shapiro modification was 
employed also. The interval of testing was gradually increased to 10, 12, or 14 days. After 6 
months of treatment in patients who seemed exceptionally ‘“‘stable,”’ the interval between tests 
was extended to 21 days, but even in such cases the onset of congestive heart failure or other clinical 
change necessitated checking the prothrombin time again at shorter intervals. All patients were 
informed of the risks of overdosage, and the details of treatment were carefully explained. Patients 
were instructed to report promptly if bruising, melena, hematuria or other signs of bleeding de 
veloped. Patients were not detained in the office for results of the tests but were later informed 
concerning dosage; no errors developed because of this timesaving procedure. The simple rule 
of maintaining the prothrombin time at 2 or 214 times the normal expressed in seconds was followed 
in our laboratories. This allowed a range of 24 to 38 seconds, as the average normal obtained 
was 13.5+ 1.5 seconds. When compared to serial dilution curves, the range of 24 to 38 seconds is 
equivalent to 30 to 10 per cent of prothrombin activity. The calculation of percentage of prothrom- 
bin activity often leads to a sense of false security and has been termed superfluous by some of 
the foremost workers in the field of anticoagulants.” The Ware-Stragnell'® modification of 
Owren’s™ test or Manchester’s®® modification of Smith’s bedside “prothrombin” test may be used, 
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provided the clinician and technician both understand that no valid comparison between these 
tests and the Quick test is possible, that no comparison of “‘per cent of prothrombin activity” can 
be made between the various tests, and that the results must be compared only to the average 
normal for the method used. 

Urinalysis was done at bimonthly intervals, as a rule, and liver function studies were per- 
formed at 6-month or yearly intervals in many patients. 

Variation in Dosage-—The marked variableness of the required dosage of Dicumarol during 
long-term therapy has been stressed by us and others.!-* The daily doses of Dicumarol ranged 
from 25 to 200 mg., with an average dose of 60 mg. It is not surprising that the dosage for other 
anticoagulants is proportionately nearly as variable. Thus, in patients given Cumopyran, the 
daily doses ranged from 10 to 50 mg., with an average dose of 25 mg. It was not much easier to 
keep patients evenly adjusted within the proper therapeutic range when anticoagulants other 
than Dicumarol were used. The range of various anticoagulants appears in Table III. 


TABLE III. RANGE OF VARIOUS ANTICOAGULANTS 


MAINTENANCE DAILY DOSE 
LOADING DOSE FIRST 
ANTICOAGULANT 48 HOURS (MG.) 


RANGE (MG.) USUAL (MG.) 


Dicumarol 

Cumopyran 

Tromexan 1, 800-2 , 400 
Coumadin 50— 100 
Marcumar 21- 
Sintrom 18-— 
Hedulin 250- 


Other treatment consisted of coronary vasodilators, hypotensive reagents, when needed, 
weight reduction, and in some cases restriction of foods high in fat and cholesterol. A reasonable 
limitation of business and physical activity was imposed when indicated. 

Table IV shows the duration of anticoagulant therapy: 448 cases were under treatment for 
less than 1 year (but at least 3 months), 385 were treated for 1 to 3 years, and 258 for 3 years up 
to 8 years. There were 24,454 months of therapy and the average was a little less than 2 years. 


TABLE IV. DURATION OF ANTICOAGULANT THERAPY IN 1,091 CAsEs 


Years Cases 


Less than 1 year 448 

1 to 2 years 247 

2 to 3 years 138 

3 to 4 years 128 

4 to 5 years 67 

5 to 6 years 41 

6 to 7 years 17 

7 to 8 years+ 5 

Total therapy:24,454 months, or 2,038 years 
Average: 22.4 months 


25-150 75 
5-— 10 25 
150—900 450 
6— 25 10 
14- 6 3 
2- 8 4 
25-200 100 
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RESULTS OF TREATMENT 


Forty-eight patients or 4.4 per cent of the entire series developed nonfatal thromboembolic 
complications while undergoing treatment; of these, 24 developed subendocardial infarction, 16 
developed transmural myocardial infarction, and 8 developed peripheral or pulmonary thrombo- 
embolic episodes. 

Patients Dying While on Regimen.—One hundred thirty-one patients died after following the 
long-term anticoagulant regimen for varying intervals up to 91 months, for a combined period 
of 2,819 months. The over-all mortality rate was 12.0 per cent during a total of 24,454 months 
of anticoagulant therapy. The mortality was 6.2 per cent in 96 patients with impending infarc- 
tion, 10 per cent in 735 patients with single infarctions, and 20 per cent in 260 patients with mui- 
tiple infarctions. The mortality data is further illustrated in Fig. 1. 


96 patients with 735 patients with 260 patients with 
impending infarct one infarct multiple infarcts 


Treated for Treated for Treated for 
170 months . 1, 366 months 1, 283 months 


L 6.2% 52 deaths 


Fig. 1.—Deaths while on anticoagulants in 1,091 treated patients. 


Table V shows the various causes of deaths, obtained from clinical diagnosis in 74 cases and 
autopsy data in 57 cases. 

Autopsy was performed in 57 of the series who died while on therapy, revealing recurrent 
frank transmural infarction in 12 cases and subendocardial infarction in 18 cases. Pulmonary 
or peripheral thromboembolization may have contributed to, but was not the only cause of, death 
in 5 cases. Healed mural thrombi on the site of old infarctions were found in a few cases. Ven- 
tricular aneurysm was noted in only 6 cases. 

Patients Abandoning Regimen.—Three hundred nineteen patients abandoned the anticoagu- 
lant regimen after 3 to 80 months, or a total of 3,933 months, of treatment. Many patients, after 
their initial improvement, did not feel sick enough to warrant their continuing on a preventive 
regimen which carried some risk of bleeding and required a repetitive blood sampling. In some 
cases, onset of hemorrhage caused abandonment of the regimen, but in relatively few cases was 


TABLE V. Causes OF 131 DEATHS ON ANTICOAGULANT REGIMEN 


Recurrent transmural infarction 

Recurrent subendocardial infarction 
Peripheral or pulmonary thromboembolization 
Ventricular fibrillation or cardiac arrest (?) 
Congestive heart failure, no fresh infarction 
Cerebral hemorrhage* 

Rupture of abdominal aortic aneurysm 
Disease, not cardiovascular 

Unknown causes 


*Two of these cases had a ruptured lenticulostriate artery, 1 had associated cerebral thrombosis, 
and 1 showed pin-point hemorrhage only. 
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it necessary to give up treatment permanently for this reason. Other patients left the vicinity of 
tae physician initiating long-term therapy and were not continued on the regimen by physicians 
contacted elsewhere. 

Deaths After Stopping Therapy.—Of the 319 patients discontinuing treatment, 90 or 28.2 
per cent died. As far as could be ascertained, recurrent myocardial infarction, congestive heart 
failure, cardiac arrhythmia or arrest was the terminal factor in 76 cases. Twenty died because 
of a “heart attack’’ within less than 1 month after giving up the regimen, while 70 patients died 
within 4 years (the majority within the first year). 

Of 32 patients with impending infarction, followed for 702 months after stopping anticoagu- 
lants, 18.7 per cent died, for the most part from myocardial infarction. Of 205 patients with 1 
preceding infarction, followed for 3,727 months, 18.5 per cent died. Of 82 patients with multiple 
preceding infarctions, followed for 957 months, 56.1 per cent died. Twenty-eight cases were lost 
to follow-up, but the follow-up study in 293 of those abandoning anticoagulants extended for 
5,386 months, or an average of 18.4 months after stopping therapy. Comparison of this group 
with the group remaining on treatment offers clear-cut evidence that the survival rates are much 
improved in those patients receiving anticoagulants. This data is amplified in Table VI and 
Fig. 2. 

Patients Maintaining the Regimen.—Six hundred forty-one patients (58.7%) continued the 
regimen for periods varying from 3 to 100 months, for a total of 17,702 months (average 27.6 
months). Some of them have experienced episodes of acute coronary insufficiency and a few have 
encountered nonfatal recurrent transmural infarction. In the main, they have done well and many 
have noted less angina pectoris. How much of a part psychotherapy plays in the freedom from 
anginal pain is difficult to ascertain. Eight of the 10 investigators stated that anginal complaint 
decreased definitely in many of their patients after initiating anticoagulant therapy. Although 


32 patients with 205 patients with 82 patients with 
impending infarct one infarct multiple infarcts 
abandoned regime abandoned regime abandoned regime 


56.1% 


18, 7% 18, 5% 46 deaths 


6 deaths 38 deaths 


On treatment; 216 months 2,369 months 1, 258 months 
Off treatment: 702 months 3, 727 months 967 months 
Duration of treatment 3,913 months. Follow-up after stopping regime 5, 286 
months in 293 patients, average 18.4 months (28 lost to follow-up), 


Fig. 2.— Deaths in patients abandoning anticoagulants. 


TABLE VI. MORTALITY OF PATIENTS ABANDONING REGIMEN 


In 319 Patients—90 deaths, or 28.2% mortality caused by: 
Peripheral or pulmonary thromboembolism 
Transmural infarction 
Subendocardial infarction 
Sudden death (ventricular fibrillation or cardiac arrest) 
Congestive heart failure 
Noncardiac or unknown causes 

76 deaths due to heart disease, or 20.6% 

18 autopsies—11 fresh infarctions found 

28 cases lost to follow-up 


7 7 7 
6 6 6 | 
5 5 5 
4 4 4 
3 3 
10 
3 
18 
19 
20 
16 
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a few patients stopped therapy for psychologic reasons, most had a feeling of security while taking 
anticoagulants and the psychologic effect was, in the main, good rather than bad. The majorit , 
are active in business or home pursuits. Some travel widely in this country and abroad, obtainii ¢ 
their prothrombin tests at designated laboratories, and in due time the procedure becomes a 
routine. 

Incidence of Hemorrhage.—Hemorrhage occurred more frequently in patients who had used 
anticoagulants for years instead of just a few weeks, and 1/5 of the group, or 220 patients, de- 
veloped mild to moderate, or, in some cases, even severe hemorrhage. Hemorrhage developed in 
more than one site in 69 patients. The data relating to hemorrhagic complications is tabulated in 
Table VII and includes clinical examples as well as hemorrhage found at autopsy. In spite of 
the frequency of hemorrhagic complications, only 6 deaths could be attributed fairly conclusively 
to the use of long-term anticoagulants—comprising 4 of the cases with cerebral hemorrhage and 
2 with subendocardial hemorrhage. Hypertension did not seem to influence the incidence of 
hemorrhage, contrary to some opinion. 

Hematuria was the most common type of hemorrhage and occurred in 110 patients, on more 
than one occasion in a few. In some patients, hematuria was of brief duration, being limited by 
the use of Hykinone intravenously or vitamin K; intramuscularly, intravenously, or orally. A 
few patients developed renal colic as a result of hematuria. It is of interest that more than half 
of the patients with hematuria resumed anticoagulants for months and years without further 
hematuria, even if inadvertently a more severe degree of hypoprothrombinemia developed than 
when the hematuria had occurred. Hematuria caused by anticoagulants is due usually to a pro- 
fuse diapedesis of red cells rather than to actual vascular injury within the kidney, and no evidence 
of renal impairment has followed this sort of hematuria. In some patients, hematuria was asso- 
ciated with renal stone or renal infection, and in others it apparently was caused or aggravated by 
cystitis or urethritis. 

The next most frequent type of hemorrhage encountered was hematoma or ecchymosis, 
developing in 89 patients, on more than one occasion in some. Most hematomas developed fol- 


lowing intramuscular injections of various medications, particularly antibiotics, or following minor 
trauma. In 4 cases, hematomas involved peripheral nerves (sciatic or peroneal) with subsequent 


TABLE VII. INCIDENCE AND SITES OF HEMORRHAGE 


Patients With Significant Hemorrhage: 220 (or 20.1%) 


CASES 


Gross hematuria 110 
Hematoma—Ecchymosis 89 
Gastrointestinal 28 
Rectal 

Retroperitoneal 

Ruptured abdominal aneurysm 

Cerebral 

Peripheral nerve 

Menorrhagia 

Subepicardial 

Subendocardial 

Pericardial 

Traumatic hemothorax 

Other sites 


Total sites of hemorrhage 
Deaths Attributable To Hemorrhage: 6 (or 0.5%) 


*Two not due to Dicumarol. 
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neuritic pain over a period of weeks or months. Gastrointestinal hemorrhage occurred in 28 
patients, leading to a diagnosis of gastrointestinal malignancy in 2 cases. Gastrointestinal bleed- 
ing, due to peptic ulceration, seldom recurred on resumption of anticoagulant therapy. Rectal 
bleeding was due usually to hemorrhoids or rectal fissure. Retroperitoneal bleeding developed in 
5 patients and was brought on by the injudicious use of lumbar procaine blocks in 3 cases. Ab- 
dominal bleeding caused by a ruptured abdominal aneurysm occurred in 1 patient. Six patients 
had cerebral bleeding, in one of which it was of pin-point character, discovered at autopsy; 2 had 
a ruptured lenticulostriate artery which could not be attributed to the use of Dicumarol, and 1 of 
these did not have hypertension. Menorrhagia developed in 8 women on long-term anticoagulants 
and necessitated adjustment of the dosage of the anticoagulant at the menstrual time, and in 2 
cases forced abandonment of the drug. Slight pericardial, subepicardial,and subendocardial 
hemorrhage was found in each of 2 patients at autopsy, but was considered to be the cause of death 
in 2 cases. Subintimal hemorrhage was found in one or more coronary branches in 3 cases. Non- 
fatal hemothorax developed following thoracentesis in 1 patient and trauma in 2 patients. Small 
focal hemorrhage was found in the pancreas 3 times and in the spleen in 2 instances. 

Death was attributable to the use of anticoagulants in only 6 patients (0.5 per cent): 4 cases 
of cerebral hemorrhage and 2 of subendocardial hemorrhage. It is acknowledged that hemorrhage 
may have been present but undetected in some patients dying but not autopsied. 

In addition to the mild, moderate, or gross hemorrhage, numerous patients developed on 
occasion insignificant bleeding from the gums, transient epistaxis, scant bleeding from hemorrhoi- 
dal veins, microscopic hematuria, simple bruising or petechiae. Hemorrhage is accepted as a 
calculated risk when embarking on long-term anticoagulant therapy,”! but the benefits of long- 
term therapy far outstrip the risk and, as physicians gain experience, less serious hemorrhage is 
encountered. Since vitamin K,* is rapidly effective, transfusions are seldom required. 

No significant pathologic changes attributed to anticoagulants were found in the liver or 
kidneys at autopsy. Liver function studies were recorded in many cases without evidence of 
significant toxicity caused by long-term anticoagulants. Meitus and Wasserman” found no ap- 
preciable signs of hepatic injury after long-term Dicumarol therapy. 


CONTROL GROUP 


Four hundred seventeen control cases without anticoagulant treatment were furnished by 5 
of the participants in this study. The follow-up ranged from 3 to 96 months, except for 4 cases 
observed longer. There were 256 males and 49 females (the sex was not stated in the others). 
The duration of observation is detailed in Table VIII. 


TABLE VIII. 417 Controt CAsEs From 5 OF THE 10 CONTRIBUTORS 


Sex: Males—256 Females—49 Not stated—112 


DURATION 
Less than 1 year 
1 to 2 years 
2 to 3 years 
3 to 4 years 
4 to 5 years 
5 to 6 years 
6 to 7 years 
7 to 8 years 
8 to 17 years 


*Since this data was completed, tablets of K; have been made available (Merck, Sharpe-Dohme) 
hich are effective orally, often in small dosage. 


CASES 
111 
65 
43 
62 
34 
32 
62 
3 
4 
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In the control cases there were 14 nonfatal episodes of peripheral or pulmonary thrombo 
embolization and 66 nonfatal recurrent attacks of myocardial infarction, 48 of which were trans- 
mural and 18 subendocardial. 

There were 4 deaths (40 per cent) in 10 patients with impending infarction observed for 26 
months, 110 deaths (37 per cent) in 297 patients with one infarction observed for 12,376 months 
and 42 deaths (38.1 per cent) in 110 patients with multiple infarctions observed for 3,276 months. 
In all, there were 156 deaths or 37.4 per cent mortality in the 417 cases observed for 15,921 months 
averaging 38.1 months. This data is further illustrated in Fig. 3. 


10 patients with 297 patients with 110 patients with 
impending infarction one infarction multiple infarctions 
70; 


a | 37. 0% 38. 1% 


4 deaths 110 deaths 42 deaths 


Months of observation: 

269 months 12, 376 months 3,276 months 
156 deaths of 37.4% mortality during 15,921 months of follow up 
(Average 38,1 months) 


Fig. 3.—Four hundred seventeen cases of coronary atherosclerosis without anticoagulant therapy. 


COMMENT 


In spite of the importance of coronary atherosclerosis, survival rates after 


a first attack of acute myocardial infarction are not yet clearly established, but 
long-term follow-up studies are appearing. So far, the available data does not 
permit a reasonable summing up of the prognosis. Does the continuing admin- 
istration of anticoagulants prevent recurrent attacks of myocardial infarction? 
We believe our data, even though not amenable to statistical analysis because of 
the many variables, warrants such a conclusion. We recognize the limits imposed 
in comparing the course of treated and untreated patients with coronary athero- 
sclerosis over a period of years. The ‘‘control group” of 417 patients not treated 
with anticoagulants developed a mortality of 37.4 per cent, but these patients 
were followed for an average of 16 months longer than the treated cases. The 
most significant ‘‘control’’ study is afforded by following the 319 patients who 
abandoned the anticoagulant regimen, in which a mortality of 28.2 per cent, 
due mostly to cardiac disease, developed during an average follow-up of 18.4 
months (based on known data concerning 293 patients who were adequately 
followed, 28 being “‘lost’’). The mortality of 12.0 per cent in the whole group of 
1,091 patients maintained on anticoagulant therapy for an average of 22.4 months 
is exceedingly favorable. Furthermore, the fact that, asa rule, the sicker patients 
stayed on the regimen while those who abandoned treatment were doing well, 
tended to “weight’’ the survival data against the anticoagulant group. The 
possibility that abrupt abandonment of long-term anticoagulants enhances the 
tendency to vascular thrombosis is suggested by the fact that 20 deaths, mostly 
due to recurrent myocardial infarction, occurred within 1 month after stopping 
anticoagulants; this phase of the problem merits further study. 
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Admittedly, we have not proved that recurrent attacks of coronary throm- 
bosis have been prevented. Yet, as clinicians with many years of experience 
prior to the use of anticoagulants in coronary artery diseases, we are impressed 
with the low mortality in the patients described in the present prophylactic 
experiment extending over a period of 10 years. 


Attention has been called previously? to the fact that in those fatal cases 
not examined post mortem, one cannot be sure that recurrent coronary throm- 
bosis did not develop without clinical signs. On the other hand, it is well known 
that sudden death occurs commonly in persons with coronary artery disease, 
without fresh pathologic cardiac lesions being demonstrable at autopsy, and 
that such deaths are said to be of physiologic type, usually ascribed to ventricular 
fibrillation or cardiac standstill. A recent autopsy study by Achor and associates” 
revealed, in a follow-up of survivors of myocardial infarction, that cardiac disease 
was the cause of death in 2/3 of 250 patients; 64 patients died suddenly, only 15 
of whom showed fresh myocardial infarction at autopsy; the other sudden deaths 
were considered to be ‘‘due to major disturbances in cardiac rhythm arising from 
an ischemic myocardium.” 


In addition to hypoprothrombinemia, sustained use of coumarin or phenyl- 
inedandione compounds produces a plasma thromboplastic component defi- 
ciency with prolonged clotting time in glass tubes, independent of the prothrombin 
time. Furthermore, one of us (E.S.N.) is tempted to speculate that some of 
the benefit from sustained anticoagulant therapy is due to effects other than 
lessened coagulability of the blood, and that the natural progression of athero- 
matosis may be interfered with. 


SUMMARY 


We have presented a pooled clinical investigation in 1,091 patients with 
coronary atheroslcerosis treated with long-term anticoagulants for 3 to 100 
months, for a total of 24,454 months. The average duration of therapy was 
22.4 months. Four and four-tenths per cent developed non-fatal thrombo- 
embolism, and 131 patients, or 12.0 per cent, died on the regimen, mostly from 
cardiac disease. Three hundred nineteen patients, or 29.2 per cent, abandoned 
the regimen; an average 18.4 months’ follow-up of these showed that 28.2 per cent 
died within 4 years, chiefly with cardiac disease. These 319 patients serve as 
“controls.”’ Six hundred sixty-nine patients, or 61.3 per cent, continued the 
regimen an average of 27.6 months of therapy. Four hundred seventeen patients 
not given anticoagulants were used as additional ‘‘controls’’ and were followed 
by 5 of the authors for 3 to 120 months, averaging 38.1 months. Of these, 37.4 
per cent died, the majority from cardiovascular disease. 


Patients Without Frank Infarction (Impending Infarction).— 
Treated group: 96 patients - - - 6 deaths - - - 6.2 per cent mortality 
Abandoned group: 32 patients stopped treatment after 315 months; were followed for 
732 months - - - 18.7 per cent mortality 
Control group: 10 patients observed 269 months; 4 died - - - 40 percent mortality 
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Patients After One Infarction.— 
Treated group: 735 patients - - - 73 deaths - - - 10.0 per cent mortality 
Abandoned group: 205 patients stopped treatment after 2,423 months; were followed fur 
3,708 months - - - 18.5 per cent mortality 
Control group: 297 patients observed 12,376 months; 110 died - - - mortality 37.9 
per cent 


Patients After Multiple Infarctions.— 
Treated group: 260 patients - - - 52 deaths - - - 20.0 per cent mortality 
Abandoned group: 82 patients stopped treatment after 1,246 months; then followed for 

950 months - - - 56.1 per cent mortality; 3 lost to follow-up 
Control group: 110 patients observed 3,276 months; 42 died - - - mortality 38.1 
per cent. 

Incidence of Hemorrhage-—Hemorrhage of significant character developed in 20.1 per cent but 

proved fatal in only 6 cases, or 0.5 per cent. 
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Mumps Pericarditis: Review of the Literature and Report of a Case 


Morris Kleinfeld, M.D., Saul Milles, M.D., and Martin Lidsky, M.D. 
New York, N. Y. 


Myocardial involvement in the course of mumps was first diagnosed clinically 
by several authors in the latter part of the nineteenth century.'* Pujol,® in 
1918, described various cardiac symptoms which developed in 3 soldiers while 
convalescing from mumps, although none had pathologic or electrocardiographic 
confirmation. The first pathologic description was that by Manca,® in 1932, 
and involved a young soldier who died unexpectedly from severe mumps. Manca 
concluded that ““The mumps virus can attack the heart and the lesion consists 
of acute interstitial myocarditis, especially characterized by a fibrinous exudate, 
which differentiates it from other forms of myocarditis and may be considered 
a peculiarity of this infection.’’ The first electrocardiographic confirmation 
of a case of mumps myocarditis was reported by Wendkos and Noll.’ The 
electrocardiographic changes consisted of minor T-wave alterations, bradycardia, 
and a prolonged P-R interval temporarily shortened by atropine. The subsequent 
literature includes isolated case reports of mumps myocarditis,*:® and/or pericar- 
ditis and serositis,!° and electrocardiographic surveys in the course of mumps." 
These reports contain a description of the clinical features of the cardiac involve- 
ment and are correlated with the electrocardiographic changes. The incidence 
of myocardial involvement has been estimated to be about 5 per cent. The pres- 
ent case is reported because of the presence of several interesting features not 
previously stressed. 


CASE REPORT 


S. H., a 16-year-old white male, was admitted to the hospital on May, 3, 1956, with symptoms 
of chest pain and respiratory distress of 1 and 7 days’ duration, respectively. : 

History—Ten days prior to admission, he had a mild upper respiratory infection which 
had subsided within 3 days. Shortly thereafter, he experienced respiratory difficulty de- 
scribed as a heaviness in his chest associated with restricted breathing. This persisted and was 
present on admission. One day prior to admission, he noted the onset of substernal pain which 
gradually increased in intensity and was aggravated by deep inspiration or when recumbent. The 
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pain was relieved when he sat erect. Systemic review was essentially noncontributory. He 
recalled having had measles at the age of 8 years but denied having had the other exanthematouis 
diseases, mumps and rheumatic fever. He had a tonsillectomy at age 2 years. Familial history 
revealed the presence of cardiac disease in both parents and a peptic ulcer in a half brother. 


Clinical Examination.—He was a well-developed male of good color, sitting up in bed an 
leaning forward for relief of chest pain. There was no congestion of the neck veins or lungs. 
firm nontender mass (1 X 2 cm.) was felt below the angle of the right jaw. Several discrete nodes 
were felt in the posterior cervical and axillary regions bilaterally. The heart was not enlarged; 
the apex beat was visible in the fifth intercostal space within the mid-clavicular line. The rhythm 
was regular and the heart sounds were of good quality. A functional systolic murmur was audible 
in the pulmonic area. Blood pressure was 150/84-80 mm. Hg. Examination of the abdomen, 
genitalia, and extremities did not elicit any abnormalities. Neurological examination similarly 
was nonrevealing. Temperature was 100.2° F.; pulse 84 per minute, and respiratory rate 20 per 
minute. 


Laboratory Data.—Blood taken on May 3, disclosed hemoglobin of 14.0 Gm. per cent, 
white blood count of 6,150 cells per cubic millimeter with a differential of 60 per cent segmented 
polys, 7 per cent bands, 29 per cent lymphs, 2 per cent eosinophils, 2 per cent monocytes, and 16 
per cent atypical lymphs. Blood serology, cholesterol, and sedimentation rate were normal. 
Urinalysis for sugar and albumin and microscopic examination of sediment was negative. 


} 


Fig 1.—May 3, 1956—The tracing shows a regular sinus rhythm, a heart rate of 62/min. and a P-! 
interval of 0.16 second. The QRS complexes are of normal size and configuration. There is slurring of th 
R wave in V;, V3, and V4. The S-T segment is elevated in Leads II, III, V3; through Vs, and AVF. Ther 
is no reciprocal depression of S-T in AVL. These changes are consistent with a pericarditis. (Gain— 
10 mm. equals 1 mv.; time lines, 0.04 sec.) May 8—The electrocardiogram shows progressive change 
consistent with pericarditis. The heart rate and P-R interval are essentially unchanged but inversio! 
of the T wave has developed in Leads II, III, AVF, and V; through Vs. (Gain and time lines are th 
same.) May 14—There is sinus bradycardia, 51/min. Conspicuous changes in the T waves are seen 
The latter are more deeply inverted in Leads I and V2 through V,. In Leads I and III the T wave i 
more upright. In AVF the T wave is isoelectric. May 18—The T waves in Leads II, III, Vs, and V 
are deeper. May 25—The tracing is essentially similar to that of May 18. 
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Course in Hospital—During the first 2 days of his hospital stay, he continued to complain 
of chest pain. He ran a low-grade fever and developed a relative bradycardia (60 per minute). 
An electrocardiogram taken on the day of admission, May 3, showed changes compatible with 
nericarditis (Fig. 1). A chest roentgenogram taken on the same day was negative. The C-reactive 
protein, and heterophile agglutination tests taken on May 4, were negative. 

On the third day (May 5) he was free of chest pain but bilateral swelling and tenderness in 
the parotid and submaxillary regions were noted. The parotid duct orifices were reddened 
and patulous. There was also a sudden rise of fever to 103°F. He was given aspirin for several 
days. The glandular enlargements persisted for the next 4 days and then decreased rapidly. 
Daily febrile spikes from 101 to 103.4°F. continued from the third until the eighth days, returning 
to a normal temperature thereafter. Spinal puncture performed on May 10 showed a clear fluid 
under normal pressure, with 102 lymphocytes and no other cells. Spinal fluid protein, glucose, and 
chlorides were in the normal range. Additional laboratory studies obtained during this period 
revealed the following: sedimentation rate—8mm./hr.; total white blood count—4,750 white 
blood cells per cu. mm.; serum amylase—198 units; antistreptolysin titer—125 units; febrile 
agglutinins—negative for typhoid and paratyphoid A and B, positive for Type ‘“‘O”’—1:80; serum 
for mumps complement-fixation—positive 1:4 dilution. An electrocardiogram taken on May 8 
showed progressive changes compatible with the course of pericarditis (Fig. 1). Cephalofloccula- 
tion and C-reactive protein tests were negative. Thymol turbidity was 2.5 units; the chest roent- 
genogram was normal. 

On the tenth day (May 12) he complained of testicular pain and on examination the testes 
were enlarged and tender. A suspensory afforded relief. The swelling and tenderness subsided 
after 24 hours, and he continued asymptomatic for the remainder of his hospital course. Repeat 
electrocardiograms, taken on May 14 and 18, continued to show changes, primarily in the T waves 
of the limb and precordial leads (Fig. 1). The total white blood count and differential, cold agglu- 
tination, and heterophile agglutination tests were negative. Convalescent serum taken on May 18, 
showed a rise in titer (positive in 1:32 dilution) against mumps antigen. The patient was dis- 


charged on May 20. He returned on May 25, for a cardiac checkup. No pertinent physical find- 
ings were noted. An electrocardiogram showed changes similar to those in the one taken on 


May 18. 


DISCUSSION 


Although chest pain has been noted as the outstanding symptom accompany - 
ing mumps myocarditis, its manifestation as a primary presenting complaint, 
as observed in this case, is quite rare.!° Most of the early’ and some of the 
recent®° literature have described clinical findings indicative of myocardial in- 
volvement, such as substernal oppression, distended neck veins, and hepatomegaly, 
gallop rhythm, pericardial friction rub, and cardiac enlargement, but these have 
occurred late in the course or during convalescence. In several recent reports™:” 
the authors have observed the appearance of subjective cardiac symptoms during 
the first week of onset, but chest pain and respiratory distress as prominent initial 
complaints were quite uncommon. In the case reported by Bland,* dyspnea was 
a prominent initial symptom and preceded the onset of parotitis by 5 days. 

In the great majority of instances the electrocardiograms have been the only 
evidence of cardiac abnormality. The disclosure of abnormal electrical changes 
during an attack of mumps has resulted in a more cautious attitude in the man- 
agement of the patient, especially during the convalescent period. Deaths have 
been reported to occur during this period. 

It is of interest that the clinical history and the electrocardiographic findings 
suggested viral pericarditis as the most likely diagnosis. It was only after the 
vilateral parotid and submaxillary swellings appeared that a more specific diag- 
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nosis of mumps pericarditis was considered and serum for complement-fixation 
against mumps antigen was taken. The subsequent appearance of lymphocyti: 
pleocytosis of the spinal fluid and testicular pain strengthened the diagnosis 
and this was finally confirmed during convalescence by the presence of a rising 
titer against the mumps antigen. 

The usual electrocardiographic alterations observed in mumps myocarditis 
involve changes in conduction manifested by variable degrees of heart block, 
premature systoles, tachycardia or bradycardia, and changes in the QRS-T 
complex. The latter changes usually consist of lowering of the height of the 
QRS complex, depression of the S-T segment, and flattening or inversion of the 
T wave. The typical picture of pericardial injury as was observed in this case, 
showing initially an elevation of S-T in Leads II and III, V3; through Ve, and AVF 
with no reciprocal depression of S-T in AVL, has rarely been reported. The 
records taken subsequently merely reflect the changes in the course of pericarditis. 
Although stabilization occurred after 3 weeks, complete reversal to normalcy 
did not occur prior to discharge. Return to normal has been reported to take 
place usually within 1 month, although in some reported cases it took 3 to 5 
months." 


SUMMARY 


A patient who presented with mumps pericarditis and subsequently devel- 
oped parotitis, orchitis, and asymptomatic meningitis is described. Serologic 


evidence of mumps infection was obtained. The substernal pain and respiratory 
oppression as presenting symptoms are unusual in mumps. 
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Cardiac Vein Thrombosis With Myocardial Hemorrhage 


Bernard Lake, M.B., M.R.C.P., Sydney, Australia 


Cardiac vein thrombosis with myocardial hemorrhage leading to death is 
a rare phenomenon and does not seem to have been reported in an otherwise 
apparently healthy person. Because of its intrinsic and medicolegal interest, the 
following case is recorded. 


N. K. was a 38-year-old man, 6 feet tall, and weighing 182 pounds. On Nov. 24, 1955, he 
was helping others to lay 3-inch galvanized pipes. These weighed 200 pounds each and were in 
25-foot lengths. His job was to screw the pipes together by means of chain tongs, work that was 
definitely heavy labor. His third day on the job, he had helped to lay 150 feet of pipe. The 
weather was very hot, but temperature and humidity cannot be ascertained. At the luncheon 
break, after 414 hours of work, he was noticed to be looking quite ill. He said he felt sick and 
had marked pain across the point of his chest; he vomited “‘bile.’"” He became very pale, would 
not eat lunch, and was sent home by bus. From his home he was admitted to Wodonga Hospital, 
Victoria, in a collapsed state. He died in pulmonary edema some 14 hours after onset of illness. 
Other clinical details were not available. 

The necropsy report (Dr. J. F. Grant) stated: The body was that of a young to middle-aged 
man, with a cyanotic tinge to face, lips, and ears. No external signs of violence. Heart and large 
vessels normal size. In the distal portion surrounding the anterior coronary artery there was an 
area of hemorrhage in the myocardium 4% x 44 inch. The vessels were not thickened and there 
were no signs of atherosclerosis. The lungs were congested, the bronchi and bronchioles were 
filled with frothy blood-stained fluid. The liver was not enlarged but was said to show signs of 
venous congestion. There were no abnormalities detected in spleen, stomach and intestines, 
kidneys, pancreas, suprarenals, genital organs, skull or brain. 

Sections were made of the heart (Dr. Hicks). Some of the features are disclosed in Figs. 
1-3. These revealed that an ante-mortem thrombus had occurred in a distended coronary vein 
(Fig. 1) and that considerable hemorrhage had occurred into the spaces between the muscle fibers. 
In these areas there was little if any leukocytic reaction and there was little change in the muscle 
fibers themselves. A section taken from the apex at a distance from the gross hemorrhage revealed 
a marked leukocytic (polymorph) infiltration along a tissue plane (Fig. 2). The coronary arteries 
from the block showed no histologic abnormality (Fig. 3). : 


D!SCUSSION 


Thrombosis of any of the cardiac veins is a rarely reported occurrence. 
Only four cases of coronary vein thrombosis were available from the literature, 
one due to actinomycosis (Benda,? 1923), two due to secondary carcinomatous 
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Fig. 1.—Photomicrograph showing section of ante-mortum thrombus 
in a distended cardiac vein (400). 


Fig. 2.—Photomicrograph showing polymorph infiltration along a connective tissue plane. 
Section taken from apex, some distance from hemorrhage (400). 
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involvement of the veins, primaries in lung (Warner and Dauphinee,® 1936), and 
uterus (Ehrich,* 1938), and one presumably pyemic in the course of a severe 
bronchopneumonia (Achard, Bariety and Wilm,! 1932). Thrombosis of the 
mouths of the thebesian veins always secondary to mural thrombi were reported 
by Flynn and Mann,‘ in 1946, in 10 men dying from congestive cardiac failure 
of causes other than myocardial infarction. 


Fig. 3.—Photomicrograph showing normal coronary arteries (150). 


Clinically, the present case was not very unusual. A previously healthy 
man developed severe central chest pain while engaged in heavy labor, was pre- 
sumed to have developed a myocardial infarct, and died in left ventricular failure 
some hours after. There was no significant past history except a period of mal- 
nutrition in a deported persons’ camp some years before. As far as could be 
determined, he had never suffered from beriberi, and since the period of malnu- 
trition he had had no symptoms whatsoever. Medicolegally his death was 
held to have resulted from this work. 

The effect of coronary sinus closure was variable in cats and dogs according 
to Robertson,’ in 1941. In some there was a transitory immediate blueness of 
the ventricular wall, and in others, hemorrhage with muscular necrosis followed 
this procedure. Robertson showed that in some instances the thebesian venous 
return could quantitatively rise into the ventricles when coronary sinus closure 
occurred and, presumably, this flow was sufficient to prevent myocardial damage 
in the animals which recovered. It is obvious in the case presented here that 
compensatory flow, if any, was insufficient. 
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A large percentage of coronary “‘occlusions’’ occur without arterial occlusion. 
Sometimes there is puzzlingly little atheroma in the coronary arteries. The 
clinical picture here suggested myocardial infarction. As the possibility of 
venous thrombosis seems not to be considered in this regard, the question of 
its frequency in causing or contributing to myocardial infarct is raised. 


SUMMARY 


1. A case of coronary vein thrombosis with hemorrhage into the myocar- 
dium in a previously healthy adult man is presented. No abnormality other 
than this lesion was detected at autopsy. 

2. The lesion was held medicolegally to have arisen from the heavy labor 
engaged in prior to onset. 

3. None of the few reported cases of cardiac vein thrombosis occurred in 
similar circumstances. 

4. Clinically, the case was one simulating “coronary occlusion.” It is 
queried whether the lesion may not be more common than supposed. 


I am grateful to Dr. R. J. Grant, Wodonga, Victoria, for his ready assistance with regard to 
details about the case, and to Dr. Hicks, Pathologist, Royal Melbourne Hospital, for the loan of 
his sections. 
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Book Reviews 


DeR ULTRAMIKROSKOPISCHE BAU VON HERZ UND KAPILLAREN. By Dr. Bruno Kisch, Darmstadt, 
1957, Dietrich Steinkopff, 109 pages, 75 illustrations. 


The volume is essentially a summary of the experimental work of the author with the elec- 
tron microscope, extending over nearly 10 years. Numerous publications of the author on this 
subject have appeared in the English, German, French, and Italian languages, including a book 
in 1951, but, as stated in the preface, recent technical progress justifies publication of this mono- 
graph. 

The instrument is expensive ($25,000) and the technique is difficult. Artefacts due to fixation, 
fast post-mortal changes, etc., play a much greater role than in optical microscopy. Such difficult 
work would not be possible without enthusiasm, which is reflected in the prediction that this 
method will open new horizons in medical research and will play a role similar to that of optical 
microscopy in the nineteenth century. It seems, however, that cost and technique are prohibitive 
for application on a larger scale, and that utilization of the results of a few investigators in the 
interpretation of physiologic and pathologic processes will be the main merit for a long time. Of 
particular interest is the contribution of this method to the important relationship between struc- 
ture and function, and a major part of the book is devoted to this problem: the role of sarcosomes. 
For general orientation, the length of a sarcosome in the myocardium is about 2 to 3 microns, 
with a diameter of 0.5 to 1 micron. (The enlargements in Kisch’s monograph range from 10,000 
to 50,000.) The concentration of sarcosomes is highest in the heart, lower in diaphragm and eye 
muscles, and lowest in the skeletal muscles. Extending the investigations to a variety of species, 
Kisch arrives at the conclusion that ‘‘the capability of the striated muscle to continued, severe 
work without fatigue is, in mathematical terms, a function of the number of its sarcosomes.”’ 
It is suggested that their functional significance is due to a high concentration of enzymes, which 
explains the absence of accumulation of metabolic products in the heart. Unfortunately, the 
detailed structural analysis has, at the moment, left behind the possibilities of microchemical 
analysis. Therefore, this is an interesting, but essentially speculative hypothesis, although it is 
presented as if it were a fact. The incapability of the heart muscle to go into any considerable 
oxygen debt and its great vulnerability to hypoxia are not easy to explain on the basis of this 
hypothesis, but are not discussed by the author. The book with a large number of excellent illu- 


strations can be recommended as an introduction to a new, intriguing field of research. 
E. S. 


CLINICAL CARDIOPULMONARY PuHysIOLOGy. Sponsored by The American College of Chest Physi- 
cians. Burgess L. Gordon, Chairman and Editor-in-Chief, New York, 1957, Grune & Stratton, 
Inc. 

In the vernacular, the American College of Chest Physicians has done it again. With a 
well-chosen editorial board and an able group of authors, cardiopulmonary physiology has been 
taken out of the “ivory tower” and brought into the really practical light of day. 

The grouping of clinical situations and diseases in chapters, with the expected cardiopul- 
monary physiologic changes, their interpretation, significance and use, is a refreshing approach. 

Chapter division and indexing are good. 

The book is a “‘must” for the library of chest physicians and surgeons and the industrial 


physician. 


J. F. M. 
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HuMAN BLoop GRouPs AND INHERITANCE. By Sylvia D. Lawler, M.D., and L. J. Lawler, B.Sc., 
Ed. 2, Cambridge, 1957, Harvard University Press, 103 pages. 


This monograph is an introduction to the topic of human blood groups and inheritance and, 
according to the preface, is directed toward the biology student and lay reader. It covers more 
material on blood groups than is usually included in courses for a general biologist, with the ma- 
terial presented in such a way that it is easy to read and understand. It is suitable, therefore, to 
a wide class of lay readers. 

The authors begin with a chapter on the history and general principles of blood groups. 
This appeared to me to be a valuable part of the monograph and one often omitted in larger 
works on blood groups. Some of the main topics discussed in this chapter are the history of blood 
and transfusion, composition of blood, antigen-antibody reactions, and discovery of blood groups. 

Chapter II deals with the techniques used in blood grouping and covers the technical steps 
involved, from donor to recipient, in a successful blood transfusion. Chapter III deals specifically 
with the A,A:BO blood groups and the theory of inheritance. Genetics is introduced and explained 
in this chapter in a simple but adequate way. Reasons why the ABO groups are among the most 
important in blood transfusions are given. 

Chapters IV, V, and VI deal with Rhesus, MNS’s, and other blood groups, respectively. 
These chapters include the theory of inheritance of the genetic factors responsible for the groups, 
the phenomenon of hemolytic disease of the newborn, laboratory techniques, and a discussion on 
secretors. Numerous pedigree charts are given, illustrating the modes of inheritance and a method 
of determining a person’s blood type in special cases. In all, 9 major blood group systems are 
discussed, and mention is made of 10 minor systems. 

Chapter VII deals with the organization of the National Blood Transfusion Service in the 
British Isles. It explains how the blood is collected, processed, and transfused. 

The final chapter is on blood groups and biology. It deals with the practical necessity for 
research and also with the value of fundamental research in blood groups. Blood groups are the 


most objective genetical traits known and their value in furthering genetic theory is stressed. 
In this chapter some of Dr. Lawler’s own work on linkage between the Rh gene and elliptocytosis 
is presented. 

In summary, this book can be recommended to anyone who desires an accurate and up-to-date 
knowledge of blood groups and inheritance. The monograph is clearly written and the material 
very well chosen for such a small book. The glossary at the back is a valuable addition. Some 
of the genetical and statistical terms would appear less adequate in a larger book. 
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PLASTIC ARTERIAL GRAFTS. By W. Sterling Edwards, Springfield, IIl., 1957, Charles C Thomas. 


This monograph discusses the uses of the crimped nylon tube developed by the author in 
conjunction with Dr. James S. Tapp. These tubes are being used widely as an alternate to homo- 
grafts, especially in institutions where no artery bank is available. A short history of the back- 
ground of grafts in general is the leading chapter, followed by a discussion of plastic grafts. Uses 
of the latter in arterial injuries, aneurysms, and arteriosclerosis obliterans are discussed. The 
final chapter deals with many of the unsolved problems in this type of surgery. 

The ideal graft for arterial replacement has not yet been found, and this applies also to the 
author’s type. This book seems, therefore, somewhat premature, but its real value lies in the 
technical detail which is presented and also in its excellent bibliography. It should be useful to 


the general surgeon who wishes to include arterial surgery in his fields of endeavor. 


